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ABSTRACT 
The purpose of this study is to develop a comprehensive research framework to 
combine the BSC and DEA approaches for evaluating management efficiency in the kitchen 
areas. Kitchens’ performance measurements are focused on financial performance. However, 
relying solely on financial focus is detrimental to the restaurant because it may lead 
managers or chefs to under-invest in the nonfinancial components that are essential to long-
term success. In recent years, the balanced scorecard (BSC) is widely used in many 
industries because the BSC provides a comprehensive performance measurement of both 
financial and non-financial perspectives. Also, the data envelopment analysis (DEA) has 
been widely applied for measuring the efficiency of a particular decision-making unit (DMU) 
against a projected point on an efficiency frontier. Therefore, DEA is suitable for measuring 
the efficiency of kitchens based on the BSC indicators, and the efficiency frontier of DEA 
can be used to calculate the efficiency of kitchens. To investigate the research objectives, this 
study employs BSC for defining evaluation variables, while BSC-DEA and Scale BSC-DEA 
are used for analyzing the efficiency scores of kitchens.  
The results indicate that the BSC-DEA can be applicable as a performance 
measurement tool for evaluating a kitchen’s efficiency, and the BSC-DEA identifies the best 
DMUs which allows chefs and managers to identify specific areas that need to be improved 
and offers solutions as to how improvements in efficiency can be made. Also, this research 
provides an example of a weighted scheme using the culinary competency theory. The 
findings show that culinary competency weighted variables could help improve the accuracy 
of the BSC-DEA analysis.
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CHAPTER 1.  INTRODUCTION 
Research Background 
Performance measurement is an essential component to any organization. Kaplan and 
Norton (1992) define performance measurement as the process of quantifying an 
organization’s history, determining the organization’s current position within society, and 
creating strategies and overall vision for the future. Because of the important role that 
performance measurement plays within an organization, it is not surprising that accurate 
performance measurement is key for achieving managerial success and continuous 
improvement for an organization (Achterbergh, Beeres, & Vreiens, 2003; Andrews, 1996; 
Frigo, 2002). However, the importance of developing and applying an accurate performance 
measurement system to an organization is underscored by the many performance 
measurement theories and conceptual frameworks that have emerged (Fitzgerald, Johnston, 
Brignall, Silvestro, & Voss, 1991; Shenhar & Dvir, 1996; Sherman, 1984). This is an area of 
concern because without placing an accurate emphasis on performance measurement, these 
theories are somewhat inadequate because they do not fully maximize an organization’s 
success. 
Traditionally, kitchens’ performance measurements were focused on financial 
performance (Ahrens & Chapman, 2004; Haktanir & Harris, 2005). However, relying solely 
on financial focus is detrimental to the restaurant because it may lead managers or chefs to 
under-invest in the nonfinancial components that are essential to long-term success (Kaplan 
& Norton, 1996). For example, a chef may evaluate a kitchen’s performance by placing a 
greater emphasis on short term payback period factors and profits rather than nonfinancial 
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performance measures that may be more closely aligned with the organization’s success. 
Some of these nonfinancial factors include customer satisfaction and learning and growth 
efforts to obtain a better understanding of how to achieve an organization’s goals. Much 
criticism has been directed toward the traditional performance measurement system since it 
places too much emphasis on financially denominated dimensions of performance in the 
kitchen area, thus failing to encapsulate the multiple dimensions that impact performance 
(Doran, Haddad, & Chow, 2002; McPhail, Herington, & Guilding, 2008). Therefore, chefs 
should consider using a tool that can evaluate an organization’s efficiency by taking into 
consideration both quantitative and qualitative factors (Evans, 2005; Phillips & Louvieris, 
2005; Zopiatis, 2010). However, there is no performance measurement system that exists to 
consider both financial and non-financial perspectives in the kitchen area, and very few 
studies have been conducted to investigate the kitchen area’s performance measurement 
system.  
In recent years, the Balanced Scorecard (BSC) has been highlighted as a major 
performance measurement system in many industries because the BSC provides a 
comprehensive performance measurement of both financial and non-financial perspectives 
(Cokins, 2005; Libby, Salterio, & Webb, 2004; Lipe & Salterio, 2000). Moreover, BSC has 
experienced an increase in popularity as a performance measurement system for translating 
an organization’s mission into goals, aligning individual and organizational goals, actions 
and performance measures, and measuring processes related to goal achievement (Frigo & 
Krumwiede, 2000; Kaplan & Norton, 1992, 1996). Since the BSC was initially introduced by 
Kaplan and Norton, it has been successfully implemented into a wide range of areas such as 
service and manufacturing companies, government sectors, nonprofit organizations and other 
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industries around the world (Banker, Chang, & Pizzini, 2004; Said, HassaElnaby, & Wier, 
2003; Zopiatis, 2010).  
Although BSC has received widespread acceptance from academics and practitioners, 
several researchers have criticized the limitations of BSC, such as BSC possesses a large 
number of variables that create complex optimization problems (Fletcher & Smith, 2004; 
Rickards, 2007). Another area of concern is that BSC does not provide a common scale of 
measurement, and it lacks a standardized baseline or benchmark to compare performance 
(Banker, Potter, & Srinivasan, 2000). Furthermore, BSC does not have a mathematical model 
or a weighting scheme (Rickards, 2007). In addition, BSC does not have a comprehensive 
index to recap the interaction between measures of performance (Banker et al., 2004; Neves 
& Lourenco, 2008).  
Recently, several studies have been conducted to solve these limitations of BSC, and 
researchers have found that data envelopment analysis (DEA) can complement the 
complexities of BSC (Chen & Chen, 2007; Eilat, Golany, & Shtub, 2008; Najafi, Aryanegad, 
Lotfi, & Ebnerasould, 2009; Rickards, 2007). DEA, a non-parametric mathematical approach 
proposed by Charnes, Cooper, and Rhodes (1978), has been widely applied to the 
productivity measurement of many organizations in private and public areas (Seiford, 1996). 
The concept of DEA is to measure the efficiency of a particular decision-making unit (DMU) 
against a projected point on an efficiency frontier (Charnes, et al., 1978). Therefore, DEA is 
suitable for measuring the efficiency based on the BSC indicators, and the efficiency frontier 
of DEA can be used to calculate the efficiency of DMUs (Rickards, 2003). Also, by 
combining the BSC and DEA, an organization can determine the baseline and benchmarks 
for an organization and provide a comprehensive index to summarize any interactions 
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between measures of performance (Rickards, 2003; Elat et al., 2008). Furthermore, the BSC-
DEA approach can identify the weight values for different DMUs, which reflect the unique 
characteristics of a unit (Roll, 1993). 
Purpose of the Study 
The primary purpose of this study is to develop a comprehensive research framework 
to combine the BSC and DEA approaches for evaluating management efficiency of the 
kitchen areas. In order to investigate the research objectives, this study employs BSC as a 
comprehensive framework for defining evaluation criteria with regard to investment (input) 
and performance (output) while analyzing BSC-DEA and scale BSC-DEA. The research 
objectives of this study are listed as follows: 
1. To develop and test research hypotheses and compare the results between BSC 
and the combined BSC-DEA approach. 
2. To investigate which input variables are most efficient in the kitchen area based 
on the result of the Scale BSC-DEA.  
3. To examine whether culinary competency (scale BSC-DEA) can help improve the 
kitchen’s performance measurement when using the BSC-DEA for performance 
evaluation. 
 A description of this research project is divided into five chapters. The following is a 
summary for each chapter: 
1. Chapter one outlines the problems of the study, research background, research 
objective, procedure, and structure of this study. 
5 
 
 
2. Chapter two describes current issues of performance measurement in the kitchen 
area and the literature related to the BSC, DEA, and BSC-DEA approaches. Also, 
key variables and weight indicators for culinary competency are identified. 
Finally, the hypothesized relationships are proposed to integrate the results of 
previous studies. 
3. Chapter three presents the research design which includes details pertaining to the 
sample, data collection procedures, and data analysis techniques. In addition it 
includes an overview of the research model, which focuses on the general 
relationships among the key research constructions, including input and output 
constructs based on the BSC perspectives. 
4. Chapter four presents the research results of the designated data analysis. This 
chapter also includes the descriptive results and purification outcomes and the 
results of the BSC, BSC-DEA, and scale-DEA analyses. Furthermore, the results 
of the hypotheses tests are presented. 
5. Chapter five includes conclusions, implications, limitations of the study and 
suggestions for further research. 
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Definitions of Terms 
Balanced Scorecard (BSC): BSC is a tool that complements traditional measures of business 
unit performance. The scorecard contains a diverse set of business unit performance 
measures, including financial performance, customer relations, internal business 
processes, and learning and growth. 
Data Envelopment Analysis (DEA): a nonparametric technique used for performance 
measurement and benchmarking. It uses linear programming to determine the relative 
efficiencies of a set of comparable units. 
Data set: the group of units and values of their input and outputs to be included in the 
analysis. 
Decision making units (DMU): a collection of companies, departments, divisions or 
administrative units with the same goals and objectives, and which have common 
inputs and outputs. In this study, a unit was considered to be an individual kitchen in 
a restaurant chain. 
Efficiency: assessment of output in relation to input if the variables are measured in terms of 
goal fulfillment. 
Efficiency score: DEA results in each unit are allocated an efficiency score. This score is 
between zero (0 percent) and one (100 percent). A unit score of 100 percent is 
relatively efficient in relation to the other DMUs included in the data set. Any unit 
with a core of less than 100 percent (E<1) is relatively inefficient. 
Efficient frontier: the frontier represents the best performance and is made up of the units in 
the data set which are most efficient in transforming their inputs into outputs. 
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Scale-DEA: Scale-DEA is one type of DEA that makes DEA more informative and useful in 
practical situations. The weights derived from scale-DEA explain the relative levels 
of input and output of each DMU. Combined with the single measure of overall 
efficiency, an evaluator gains a much better idea of how the different measures are 
related. 
Weights: DEA model weights are the unknowns that are calculated to determine the 
efficiency of the units. The weights are decided by a chef or manager based on unique 
characteristics of the unit. 
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CHAPTER 2.  REVIEW OF LITERATURE 
 In order to develop the research model of this study, this chapter presents a synthesis 
of the theoretical and empirical literature used in this research. Performance measurement in 
the kitchen area is reviewed in the first section to define the problems of traditional kitchen 
performance measurements. The second and third sections discuss the concepts of BSC and 
DEA as well as previous studies that focused on BSC and DEA. The last section describes 
the integrated BSC-DEA model along with the research hypotheses. 
Performance Measurement in the Kitchen Area 
Traditional kitchen performance measures are focused on measuring how accurately 
chefs or managers calculate earning profits in past periods. In other words, it measures only 
past performance and relies solely on financial data (Evans, 2005; Josman & Birnboim, 
2001). However, there are a number of factors they fail to take into account because under 
this condition, chefs or managers may fail to measure the nonfinancial effects that possibly 
affect the future profitability of a kitchen. For example, nonfinancial factors that are 
important to take into consideration when measuring the future success of a kitchen include 
training employees so they can successfully implement new cooking techniques, spending 
the time and money necessary to accurately assess customer satisfaction, or supplying the 
funds necessary to create new recipes (Koys, 2003; Zopiatis, 2010). Most of these activities 
are not directly connected with the idea of gaining more profit during a specific period. 
However, without investing in nonfinancial activities, an organization would not be able to 
compete in the current restaurant industry that places a great emphasis on continuous 
improvement (Banker, Chang, & Natarajan, 2005; Kaplan & Norton, 2004). Thus, many 
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chefs or managers need to rethink their performance management and performance 
measurement system since many performance measurement frameworks, theories and 
models that have emerged serve as testimony to the importance attached to developing 
comprehensive and effective measurement systems. Not surprisingly, several researchers 
(Denton & White, 2000; Koys, 2003; Doran et al., 2002; Phillips & Louvieris, 2005; Hsu, 
Tzeng, & Chen, 2011; McPhail et al., 2008; Zopiatis, 2010) have highlighted the importance 
of nonfinancial performance objectives for the hospitality area, and they claim that chefs or 
managers need to implement appropriate performance measurement systems in order to 
achieve a balanced performance evaluation in the kitchen area.  
The Balanced Scorecard (BSC) 
The concept of the balanced scorecard 
The BSC can be an appropriate performance evaluation tool in the kitchen area. The 
BSC was initially developed and implemented by Kaplan and Norton in 1992 (Kaplan & 
Norton, 1992). They criticized the fact that most organizations just focus on financial 
accounting measures such as the return on investment (ROI) and short payback period which 
leads to an incomplete and narrow view of business performance. Due to these shortcomings, 
Kaplan and Norton proposed a new performance measure that investigates both financial and 
nonfinancial measures (Kaplan & Norton, 1996). 
The BSC is a comprehensive set of performance measures that focus on a company’s 
current position and future visions. The key aim of the BSC is to provide a more balanced 
view of a firm’s performance based on financial, customer, internal, and learning and growth 
perspectives (Atkinson et al., 1997; Kaplan & Norton, 1992; Libby et al., 2004). This balance 
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is achieved by linking performance measures to organizational strategies and by including 
financial measures to evaluate past decisions as well as nonfinancial measures to focus on 
future performance (Kaplan & Norton, 1996). Therefore, the BSC maintains a balance 
between short and long term goals, financial and nonfinancial considerations, hindering and 
leading indicators, and internal and external performance perspectives (Kaplan & Norton, 
2001; Niven, 2002). 
Financial perspective 
The financial perspective examines the profitability of the organization in monetary 
terms. Financial measures indicate the bottom line, sales growth, cash flow, etc. (Kaplan & 
Norton, 1992). These financial measures focus on establishing a system to measure the 
economic effects of prior actions and serve as the measures in all other scorecard 
perspectives (Kaplan & Norton, 1996). 
In order to attain objectives in the financial perspective, all measures in other 
perspectives should be linked. For this set of measures, the BSC retains the traditional 
measures of organization performance along with measures that reflect the strategy and 
environment in which the particular business unit operates. For most organizations, the 
financial themes of an increase in revenues, improvements in productivity, and enhancing 
assets utilization could provide the necessary linkages to the other perspectives (Kaplan & 
Norton, 2001). In other words, the financial measures or lag indicators are linked with the 
other perspectives or non-financial indicators, which include the driving factors of a 
company’s future performance. 
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Customer perspective 
The customer perspective indicates how the projects are successful from the point of 
view of the customer (Kaplan & Norton, 1992). According to Kaplan & Norton, (1996), 
managers need to identify the customer and market segments that reflect the organization’s 
values and goals and apply them to their customer objectives. 
In order to measure the customer perspective, the objective should include several 
standard measures such as customer satisfaction, customer retention and loyalty through 
market shares, customer value and customer profitability (Kaplan & Norton, 2001). The 
measures of these perspectives provide an indication of the impact on customer outcomes of 
the organization’s actions. The core measures are connected to the organization’s strategy 
and directly connected to its financial objective of long-term superior returns (Kaplan & 
Norton, 2004).  
Internal business process perspective 
The internal business process perspective provides objectives for the organization to 
excel in its performance by identifying and evaluating the value of both the customers and 
shareholders’ goals (Kaplan & Norton, 1992). The objectives of this perspective represent 
the sharpest distinction between the BSC and other performance measurement systems that 
use nonfinancial measures. Thus, the internal business process perspective ties into the 
customer and financial perspectives by incorporating the value propositions that are 
important to its target segment and by meeting shareholder expectations on financial returns 
(Kaplan & Atkinson, 1998). The implementation of the internal business process often 
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includes making it a priority to upgrade an organization’s resources and expand its 
capabilities (Kaplan & Norton, 1996). 
Learning and growth 
In the learning and growth perspective, the goal is to determine what is necessary in 
order to achieve the objectives set in the previous three perspectives. As Kaplan and Norton 
(1996) point out, objectives in this perspective usually pertain to one of the following three 
categories: employee capabilities; information system capabilities; and motivation, 
empowerment, and alignment.  
Because the BSC is intended to improve long term performance, managers may 
invest in short term resources without their organization being penalized for having made the 
investments. To increase expectations in the other three perspectives without providing 
adequate resources and obtaining the knowledge necessary to achieve the goals contained in 
these three perspectives would be detrimental to the BSC effort. 
Example of the construction of a BSC 
Using a hypothetical restaurant company as an example of a BSC, vision and 
strategies need to be identified for the first stage. After establishing the overall vision and 
strategies, measures of financial performance need to be set by understanding the nature of 
the restaurant’s current position and key factors that influence the Return on Investment 
(ROI). For example, when the ROI is one of the key measures of financial performance, it 
must be determined what impact the customer, internal business processes, and learning and 
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growth perspectives will have on increasing sales, reducing food costs, increasing customer 
satisfaction, or increasing employees’ skills, thus improving the future ROI.  
To determine the many ways in which financial measures are linked to customer 
perspectives, it is critical to examine the key areas of measurement in which the customer 
perspectives drive the financial measures; some of these areas include market shares, 
customer retention, customer acquisition, as well as customer satisfaction and customer 
profitability (Kaplan & Norton, 1996). For example, quick service, time, or good quality of 
food can be key contributors to customer perspective in fast-food restaurant chains. 
Once the financial performance measures have been selected, the next step is to 
determine the internal business processes most critical to achieving these customer and 
financial perspectives. The key components of internal business processes that influence 
future performance are innovation, operations, and post-sale service (Kaplan & Norton, 
2001). In the restaurant environment, purchasing better cooking equipment or introducing an 
advanced service system can be a good example of ways to improve internal business 
processes.  
Once the internal business processes have been addressed, the last step is to identify 
the learning and growth factors that drive these other perspectives. Learning and growth 
factors enable the other three perspectives to be achieved successfully. The primary 
measurement categories for advancement in the areas of learning and growth are employee 
capabilities, information system capabilities, employee motivation, and empowerment 
(Kaplan & Norton, 1996). One example of learning and growth is the development of new 
recipes, a critical component to the success of any restaurant. To create new recipes, the 
adoption of new technologies and employee training are necessary in restaurant chains 
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because they increase the capabilities of the restaurant as well as enhance the performance of 
restaurant personnel. Figure 1illustrates the relationship between an organization’s strategy 
and the four dimensions of the BSC. It presents that the balanced evaluation is accomplished 
by linking performance measures to organizational strategies and by including financial 
measures to evaluate past performance along with nonfinancial measures to focus on future 
performance (Kaplan & Norton, 1996) 
 
 
Figure 1. Relationship of BSC 
(Source: Kaplan & Norton, 1996, p. 76) 
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Key performance indicator (KPI) scorecards 
Once the BSC has been developed for an organization, Key Performance Indicator 
(KPI) Scorecards need to be developed for each unit within the organization. The purpose of 
each KPI Scorecard is to measure how each particular unit contributes to the overall 
organization’s strategy that is incorporated in the organization’s BSC (Becker, Huselid, & 
Ulrich, 2001; Berkman, 2002; Kaplan & Norton, 1996). Thus, the KPI Scorecards are 
regularly used in conjunction with the BSC (Kaplan & Norton, 2001). When migrating to a 
BSC, organizations often build on the base already established by classifying their existing 
measurements into the four BSC categories. KPI scorecards also emerge when the 
organization’s information technology group, which has the tendency to place the company 
database at the heart of any change program, generates the scorecard design (Kaplan & 
Norton, 1996). Therefore, KPI scorecards are most helpful for departments and teams when a 
strategic program already exists at a higher level. In this way, the diverse indicators enable 
individuals and teams to define what they must do well to contribute to higher level goals. 
Previous studies of the BSC 
The initial studies on the BSC were focused on the ability of financial and non-
financial measures to provide a better balanced perspective of an organization’s performance 
(Kaplan & Norton, 1992). From this perspective, most of the early studies on the BSC have 
discussed the balance of the scorecard and how managers use scorecard measures to evaluate 
performance (Chow, Ganulin, Haddad, & Williamson, 1998; Ittner & Larcker, 1998; Mooraj, 
Oyon, & Hostettler, 1999). More recently, many researchers have investigated the 
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applicability of the BSC in various industries (Banker et al., 2004; Brewer, 2002; Frigo, 
2002; Libby et al., 2004; Lipe & Salterio, 2000; Roberts, Albright, & Hibbets, 2004).  
Other researchers have focused on the performance of an organization after the 
implementation of the BSC (Frigo, 2002; Malina & Selto, 2001; Hoque & James, 2000). For 
example, a recent study demonstrated that there is a significant positive relationship between 
non-financial measure and future performance (Banker et al., 2000). A study performed by 
Ittner, Larcker and Meyer (2003) suggested that when incentives are tied to the non-financial 
measures, the future performance improves even more.  
Another study by Lipe and Salterio (2000) showed how people react differently 
depending on how the measures in a BSC are categorized. The amount of weight given to 
each variable is considerably different depending on whether the variable is grouped with 
other variables or listed separately so that no clear relationship was evident among the 
variables.  
There are only a few examples of studies that discuss the BSC in the hospitality 
discipline. The first research of the BSC was conducted within the Hilton and Marriott 
franchisee White Lodging Service (Denton & White, 2000; Huchkestein & Duboff, 1999). 
These studies found a number of benefits that resulted from implementing the BSC. Some of 
these included an increase in managers who focused on both long-term and short-term 
measures of success, the creation of more objective performance appraisals, an increased 
effort in sharing best practices as a result of the BSC being adopted in a unified way across a 
chain of hotels, and the identification of negative trends by owners and senior managers in 
their early stages, well before they affected the financial performance of their business 
(McPhail et al., 2008). 
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Doran et al. (2002) discusses how hospitality establishments can reap the benefits 
from implementing the BSC while avoiding its pitfalls, and they provide an overview of the 
nature of the BSC and review two case studies from the hospitality industry. One finding 
from this discussion is that the BSC is an effective tool for translating an organization’s 
mission and strategy into goals, action plans, and performance measures in the hospitality 
industry. Phillips and Louvieris (2005) also conducted an exploratory case study in tourism, 
hospitality and leisure small and medium-sized enterprises (SMEs). The results revealed that 
the four key dimensions of the BSC impactd measurement and performance evaluation 
systems across the sample.  
Recently, McPhail and his colleagues (2008) explored the extent to which the BSC is 
understood and utilized by human resource managers within the hotel industry, and more 
specifically, the extent to which the scorecard’s learning and growth performance measures 
that are described in the literature are applied to hotels. It was found that most hotels were 
using a single measure of employee satisfaction to present learning and growth, which does 
not coincide with the five separate dimensions of learning and growth represented in the BSC 
model. 
Limitations of the BSC 
While implementing the BSC, few studies have investigated the limitations of the 
BSC as a performance measurement tool. One of the challenges of the BSC is to confront 
complex optimization problems because the BSC consists of a large number of variables, 
which are interrelated to each other (Rickards, 2007). For example, Fletcher and Smith 
(2004) and Rickards (2007) used hundreds of variables for implementing the BSC, and one 
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of their major criticisms was that the BSC lacks a single index for accountability. Rather, the 
implementation of the BSC involves multiple endeavors including the gathering of 
scorecard-related data, the formatting of scorecard reports, and the distribution of scorecard 
information (Kaplan & Norton, 2004; Niven, 2002). 
Based on the results of their study, Eilat et al. (2008) insists that one disadvantage of 
the BSC is that it is difficult to determine performance baselines or benchmarks. An 
organization’s evaluation is meaningless if there is no baseline or benchmark because no 
standard exists as a means for measuring an organization’s actual performance (Banker et al., 
2005). However, baseline and benchmarks are hard to determine and very ambiguous when 
solely implementing the BSC. 
Lipe and Salterio (2000) point out unique variables that need to be weighted in using 
the BSC approach. When evaluating multiple business units, their study showed that 
managers ignored unique measures for specific units and used only the common measure for 
determining performance.  
When implementing the BSC in the hospitality area, Evans (2005) points out the 
potential difficulties that arise since the sizes of hospitality companies are relatively smaller 
than other industries. Other barriers noted by Phillips and Louvieris (2005) involved failing 
to establish casual linkages between scorecard components and failing to secure the support 
of employees for the BSC evaluation system. 
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Date Envelopment Analysis (DEA) 
The concept of DEA 
DEA was introduced by Charnes et al. (1978), and they developed a basic DEA 
model to determine either input or output efficiency. DEA has gained increasing attention by 
academy researchers and business segments because it is a simple, yet powerful method, 
when combined with BSC (Mannino, Hong & Choi, 2008). In addition, DEA has been 
applied successfully within various case studies (Mannino et al., 2008; Liu, 2008) and the 
results revealed that evaluating multi-criteria systems and identifying targets for 
improvement demonstrate the usefulness of DEA. 
DEA is a mathematical method that measures the Decision-Making-Units’ (DMUs) 
efficiency and constructs a linear program to identify the nonparametric production frontiers 
(Charnes et al., 1978). DMUs refer to a group of companies, divisions, departments or 
administrative units that have the same goals and objectives (Al-Shammari, 1999). DEA 
analyzes the comparative efficiency of DMUs based upon inputs and outputs (Norman & 
Barry, 1991; Thanassoulis, 1996; Kao & Hwang, 2008). 
Therefore, DEA has been acknowledged as a tool that evaluates the efficiencies of 
DMU. In practice, DMUs can be useful for different manufacturing sites, branch stores, 
business offices, organization divisions, and so forth because each DMU defines benchmarks 
for the other DMUs and thus serves as a basis for comparison (Banker & Thrall, 1992; Liu, 
2008).  Figure 2 shows a simple view of DEA. It shows that efficiency score is calculated 
outputs divided by inputs variables and the DMUs efficiency score can be compare using X 
and Y axis. 
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Recently, Cooper, Seiford, Tone, and Zhu (2007) studied the U.S. Army Recruiting 
Centers’ performance evaluation using DEA. They focused on value-added activities of an 
organization for input. They specified the value-added processes including Internet 
advertisement and traditional recruiting advertisement. They found that DEA presented the 
best efficient DMUs, but there was no difference in value-added activities. Also, Liu (2008) 
conducted a case study using DEA to select the best venders, and Eilat et al. (2008) 
investigated certain intermediate variables that directly impact output variables. Najafi et al. 
(2009) used six banking branches for evaluating their performance. They identified the 
inefficient operations and provided potential improvement areas for the inefficient operations. 
 
Figure 2.  Basic concept of DEA 
(Source: Charnes et al., 1978) 
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Example of the construction of DEA 
Using a hypothetical restaurant company as an example of DEA, each restaurant 
needs to identify the levels of inputs and outputs. Common examples of input would be 
number of employees, tables, and cash registers; and examples of output might be the 
number of customer served in the dining hall each day, the number of cars served through the 
drive-thru during lunch hours, and the number of positive customer comment cards. 
To analyze the efficiency score of a restaurant, that restaurant needs to compare to all 
of the other restaurants within the chain. The efficacy of a DMU is determined by comparing 
an output to a specific input, and the DMU with the highest output with a given input is 
considered efficient (Cooper et al., 2007). Recognizing that there is more than one way to 
achieve efficiency with multiple measures, the DMU that has the most amount of output 
(Y1) from the given amount of input (X) will be considered efficient, while the DMU that 
has the most output or Y2 will also be considered efficient (Avkiran, 1999). A linear 
combination of these two output amounts is then used to determine an efficiency frontier, 
which might also be understood as a virtual DMU (Mannino et al., 2008). Any DMU having 
a linear combination of these two inputs which lies on the efficiency frontier will also be 
considered efficient. All other DMUs within the chain are considered inefficient.  
The key to DEA is finding the best virtual DMU for each real DMU (Cooper et al., 
2007). If the virtual DMU is better than the original DMU by either increasing the output 
with the same input or making the same output with less input, then the original DMU is 
inefficient. The primary goal of DEA is to determine a set of input and output weights which 
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will maximize the efficiency of any specific DMU relative to all other DMUs (Chen & Chen, 
2007).  
As shown in Figure 3, point A represents the output levels of A’s DMU, and point B 
represents B’ DMU output levels. Since these two DMUs are the most efficient for each 
output, they are the endpoints of the efficiency frontier. Points C, D, and E are not considered 
efficient, as they are below the efficiency frontier. Thus, points A and B are efficient, so 
DEA would assign each of them a score of 1.0, the highest score. The other three points are 
not efficient since they are not on the efficiency frontier, and each would receive a score less 
than 1.0. A score less than 1.0 means that a linear combination of other units could produce 
more output with the same amount of input. 
 
Figure 3. Efficiency frontier of DEA 
(Source: Charnes et al., 1978) 
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Combining the BSC and DEA 
Although the BSC has some limitations as discussed above, it can serve as a 
foundation for achieving resource deployment, improving internal processes, and enhancing 
the quality of an organization’s controlling system with DEA (Metters, King-Metters, 
Pullman, & Walton, 2006; Pock, Westlund, & Fahmi, 2004). Moreover, some of the 
limitations of the BSC are diminished when it is combined with DEA. This is because these 
two tools complement each other and thus can be used together (Eilat et al., 2008; Najafi et 
al., 2009; Serrano-Cinca, Fuertes-Callen, & Mar-Molinero, 2005).  
 One of the principal ways that DEA is capable of improving the limitations of the 
BSC is by providing more useful information for managers. The BSC measures an 
organization’s performance from a brief but comprehensive perspective (Chen & Chen, 
2007). On the other hand DEA provides a more in-depth evaluation of the overall 
management performance based on inputs and outputs and unlike the BSC is able to identify 
appropriate benchmarks for each organization (Rickards, 2003). Benchmarking is a 
management technique that is used to improve the performance of an organization. Many 
companies have engaged in benchmarking practices, and DEA can provide information 
pertaining to either the most efficient or the most inefficient factors influencing the 
productivity of a company (Mostafa, 2007).  
Second, the BSC-DEA approach has the ability to conduct a potential improvement 
analysis. It accomplishes this by analyzing multiple inputs and outputs concurrently, as well 
as showing by what percentage the inputs should decrease in order to achieve a given output 
level and by what percentage the outputs should increase given original levels of inputs in 
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order to reach efficiency (Rickards, 2003). Hence, DEA can transform performance measures 
into managerial information, and the BSC can provide appropriate outputs for DEA. For 
instance, Serrano-Cinca et al. (2005) insists that different combinations of inputs and outputs 
would produce different levels of efficiency. Therefore, the results of DEA depend on the 
selection of inputs and outputs. Serrano-Cinca et al. (2005) also states that the DEA model 
should not involve unnecessary information. The BSC is able to resolve these two concerns 
due to the fact that it not only minimizes information overload by limiting the number of 
measures used (Kaplan & Norton, 1992) but also develops the scorecard by focusing on key 
success factors (Frigo & Krumwiede, 2000). Accordingly, BSC and DEA complement each 
other. 
In short, management performance measurement is a complex task since multiple 
inputs and multiple outputs are involved in the process. The balanced scorecard is one 
approach to measuring management performance. However, when the efficiencies of 
multiple performance organizations are being compared quantitatively, DEA is a more 
appropriate model because DEA enables managements to integrate multiple dissimilar inputs 
and outputs to make simultaneous comparisons (Avkiran, 2002). DEA rests on the economic 
notion of the production technology of transforming inputs into outputs. It is a non-
parametric approach for estimating the maximum output level for given inputs or the 
minimum input levels for given output levels (Thanassoulis, 1996). Its advantage is the 
ability to deal with a collection of information rather than specific information (Chang & Lo, 
2005). Therefore, DEA is viewed as a methodology that provides a valid starting point for 
specifying balanced performance. 
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Several studies have been conducted that examine the effects of the combined DEA-
BSC approach. In the integrated DEA-BSC model, the input and output measures are 
grouped in cards, which are related to the BSC’s perspectives. Najafi and his colleagues 
(2009) proposed a similar model. With efficiency decomposition, they identified the 
inefficient operations. They used six banking branches’ data for their illustration. Shafer and 
Byrd (2000) developed a framework for measuring the efficiency of an organization’s 
investment in information technology. They used over 200 large organization’s data within 
the DEA model to show their framework. Also, Eilat at al. (2008) studied the impact of 
combining the BSC with the DEA model through balance constraints. Different from the 
traditional DEA’s weight restriction techniques which restrict the weight flexibility of the 
individual weights, Eilat and his colleagues (2008) considered the importance attached to 
groups of measures. They applied their method to a hierarchical balance structure. 
Furthermore, Chao, Fang, and Bin (2005) applied DEA with the BSC to measure 
performance efficiency of hotels in Taiwan and Vietnam. Their results studied efficiency 
frontiers and benchmarking partners of each hotel. They also identified the ideal input 
amount and the weak areas of every hotel. 
In this study, the proposed model is based on DEA, which quantifies the qualitative 
concepts embedded in the BSC approach. Figure 3 gives a general view of the integrated 
BSC-DEA model. 
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Figure 3. The application of BSC and DEA 
(Source: Chao et al., 2005, p.111) 
 
Scale-DEA 
Scale-DEA was introduced by Tracy and Chen (2005). Scale-DEA as a performance 
measurement tool which increases DEA’s effectiveness by weighting certain variables. 
Scale-DEA has several advantages. First, Scale-DEA can evaluate DMUs with inputs and 
outputs that may have no known functional relationship (Al-Shammari, 1999). Second, the 
individual weights obtained from DEA are scale dependent. For example, one might choose 
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to include capital expenditures in millions of dollars and the number of public relations 
releases as two inputs to some process. In choosing weights for these two inputs, the weights 
would be relative to the magnitude of the data not relative to each other. Capital expenditures 
would get a weight of a much smaller magnitude than that of the public relations releases. As 
a result, the weight reveals little about the relative importance of each input or output. Thus, 
it is most desirable to have scale independent weights that can be interpreted in some 
meaningful way. Ideally, weights should represent the relative importance of outputs and 
inputs (Tracy & Chen, 2005). 
Combining BSC and scale-DEA 
As the BSC is administered to different levels of the organization, different measures 
are used depending on whether or not those measures are pertinent to the specific business 
unit (Kaplan & Norton, 2004). For an insurance company, different departments may have 
different measures of performance depending on what areas of the BSC are pertinent to each 
particular department (Ittner et al., 2003). The sales department would probably have 
different financial and customer satisfaction measures than those of the production 
departments. However, both departments may have certain measures that are the same for 
each. 
For many companies it is necessary to have measures of performance to compare 
similar profit and cost centers. For instance, McDonalds may need to evaluate its various 
stores using variables from a BSC. If each store’s performance were based on the same 
measures, the Scale-DEA model explained previously would work very well in measuring 
the relative efficiency for each restaurant (Wu, 2009). The levels of efficiency and weights 
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developed by the Scale-DEA should help improve the understanding of the relationships 
among the variables in a BSC. 
Culinary competencies for the weight of scale-DEA 
Kaplan and Norton (1996) argue that a critical advantage of the BSC is that each 
business unit in the organization will have its own scorecard specifically designed for that 
unit. They also note that all BSCs are likely to use certain generic measures. Thus, units at 
the same organizational level will have some common measures in addition to others that are 
unique to their business strategy (Kaplan & Norton, 2001).  
The kitchen area has very unique organizational characteristics and also needs special 
competencies to accomplish the unit’s strategic goals. In order to develop the culinary 
competencies weighted inputs for DEA, input variables need to be compared to the structure 
of the four dimensions of the BSC and culinary competencies. Competencies are a 
combination of observable and applied knowledge, skills and behaviors that create a 
competitive advantage for an organization (Jauhari & Misra, 2004). They are designed to 
determine the value of an employee based on performance accomplishments. Tas (1998) 
defines competency as an employee’s ability to complete specific job related tasks and fulfill 
those duties associated with the position. Chung, Enz, and Lankau (2003) postulate that a 
competency model is a descriptive tool that identifies the types of knowledge, skills, abilities 
and behaviors that are required for an organization to function effectively. Ultimately, the 
competency model is designed to help an organization meet its strategic objective by 
enhancing human resources capabilities and placing a greater emphasis on behavior rather 
than personality characteristics (Jauhari & Misra, 2004). 
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Lawler (1994) identifies two interrelated sets of managerial competencies: technical 
and generic competency. Technical competency consists of having the knowledge and skills 
that enable the manager to give an effective performance in specific areas of management 
such as marketing, finances and accounting, quality management, customer care, quality of 
service, etc. Generic managerial competency refers mainly to the manager’s capability of 
self-regulation and self-control in job development and also involves other individual 
characteristics such as attitudes, motivation, or personality. Even though the structures of 
both technical and generic competency are slightly different, the purpose of the two 
approaches is to achieve an organization’s strategic objectives by enhancing the 
organization’ unique competencies. Therefore, the culinary competencies model can serve as 
a mediator to weigh the unique measures of the BSC in the kitchen area. Birdir and Pearson 
(2000) classified the culinary competencies in two folds: management and technical. Bissett, 
Cheng, and Brannan (2009) categorized the culinary competencies in knowledge, skill, and 
ability. On the other hand, Hu (2010) identified culture, aesthetic, technology, product, 
service, management, and creativity as possible culinary competencies. Table 1 shows the 
possible components of culinary competencies for weighting BSC-DEA based on the 
research chef association and previous research (Birdir & Pearson, 2000; Bissett et al., 2009; 
Hu, 2010).  
In this study, four culinary competencies were applied based on the kitchen’s goals 
and strategies. The four competencies were HR development, follow prep, follow schedule, 
and reduce food loss and those competencies were selected by chefs and managers at each 
restaurant using the culinary competency list. 
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Table 1. Culinary competencies 
Dimension Description 
Management 
Birdir & Pearson (2000); 
Hu (2010) 
- knowledge of innovation process management 
- knowledge of cost during innovation management 
- knowledge of current and future food trends 
- ability to present marketing skills  
- ability to control culinary innovation process 
- ability to handle schedule 
- ability to present leadership management 
- ability to handle interpersonal management 
- positive attitude towards change 
- positive attitude towards self-learning 
Culinary Technology 
Birdir & Pearson (2000); 
Bissett et al. (2009) 
- ability to use technology to keep food fresh 
- ability to use technology to enhance cooking speed 
- ability to use technology to enhance service speed 
- ability to use technology to enhance food quality 
- knowledge of principles of food science 
- knowledge of cooking chemistry 
- positive attitude towards using new cooking technique and 
equipment 
Product 
Hu (2010) 
 
 
 
 
 
- knowledge of products with a harmonious flavor 
- ability to follow proper food prep 
- ability to make products safe and hygienic 
- ability to reduce food loss 
- positive attitude towards using new ingredients and recipes 
- positive attitude towards using unique ingredients 
- positive attitude towards new product development 
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Table 1. (Continued)  
Dimension Description 
Skill 
Bissett et al. (2009) 
- skilled at a variety of culinary techniques 
- skilled at the sensibility of color experience 
- skilled at deploying size, amount and location of products 
- skilled at handling guest complaints and service recovery 
- skilled at problem solving 
Note. Source: Birdir & Pearson (2000); Bissett et al. (2009); Hu (2010) 
Research hypotheses 
While implementing the BSC, several studies (Niven, 2002; Fletcher & Smith, 2004; 
Rickards, 2007) pointed out the limitations of using the BSC. These researchers insisted that 
the evaluation of business performance may be unclear and vague. However, when using the 
BSC in conjunction with DEA, performance evaluation results can show a standardized 
baseline and benchmark for an organization to compare performance.  
Another area of concern is that no guidelines currently exist that state how much 
weight each perspective should have, although this may become clearer as more companies 
experiment with the BSC and compensation issues (Kaplan & Norton, 1996). For these 
reasons, the performance evaluation should be significantly improved by combining the BSC 
with DEA. Therefore, the first hypothesis of this study is: 
 
H1: Using the BSC-DEA for performance evaluation will provide more useful 
information than when using the BSC alone in the kitchen area. 
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Since Scale BSC-DEA provides measures of relative importance for both input and 
output variables, the understanding of how these measures operate should be enhanced. This 
should lead to an increased understanding of the efficiency scores, specifically which 
variables are the most important for the DMUs evaluation. The following hypothesis 
involves the weights of the variables used in the decision-making process: 
 
H2: Efficiency scores will be significantly higher when using the culinary 
competency weight (HR development, Follow prep, Follow up schedule, Reduce 
food loss) than when using the BSC-DEA. 
 
DEA can be conducted without specifying the structural relationship between the 
independent and dependent variables. In this study, culinary competency weight variables 
such as HR development, Follow prep, Follow schedule, and Reduce food loss will be more 
statistically significant than non-weighted BSC-DEA variables. Therefore, the third 
hypothesis of this study is: 
 
H3: The culinary competency weight variables are significantly higher (HR 
development, Follow prep, Follow up schedule, Reduce food loss) than the 
without culinary competency weight variables when conducting the BSC-DEA 
analysis. 
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CHAPTER 3.  METHODOLOGY 
This study is a case study that focuses on a restaurant chain in Korea. Based on the 
literature review, this chapter explains the overall design used for the study, data profile, KPI 
scorecards which were used in this study, and the simulation and comparison processes of 
BSC and BSC-DEA. 
Data 
In order to explore and test the applicability of BSC-DEA in the kitchen area, 
secondary data was obtained from a family restaurant chain in South Korea. The sample 
restaurant chain has created several new tastes and has built new standards in the restaurant 
industry within South Korea by operating a variety of restaurants, including Tony Roma’s 
(the Best Ribs in America), Spaghettia (the Best Spaghetti Place in Korea), Mad for Garlic (a 
unique Garlic & Wine Bistro), Via di Napoli (Napoli Pizza), Morac (Korean Bistro), and Red 
Pepper Republic (Spicy Chinese Cuisine). The number of employees is approximately 1,000, 
and the company operates 38 stores in South Korea and Eastern Asia. 
Out of 38 restaurants, three stores were selected to gain the BSC information. All 
three restaurants were operating under the same concept and menu, and the kitchen 
performance was measured by collecting data from 12 kitchen employees from each of the 
three restaurants. Performance evaluations were conducted at the end of every month, and 
the results were compared with a goal that was set at the beginning of every month. The 
obtained data set was between January, 2009 and December, 2009. The data were more than 
two years old at the point of this study, but the obtained data was the most recent data 
available due to the confidentiality of the restaurant’s regulation. However, the data was 
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sufficient for the purpose of this research because the focus of this study was to propose an 
exploratory research framework to combine the BSC and DEA analysis in the kitchen area. 
Key performance indicator (KPI) Scorecards in a restaurant chain 
The initial BSC analysis was introduced in the restaurant chain in 2007. The KPI 
scorecards were developed every year by hiring a BSC expert, and managers and chefs were 
involved to design the KPI Scorecards of the restaurants. The goal of the three restaurants in 
2009 was to gain more profits, and the KPI scorecards were developed in front-of –the house 
and back-of-the house to accomplish the goal of the year. The KPI scorecards used in this 
study were designed for the kitchen area. Other area’s KPI scores were not included in this 
study. Figure 5 presents a sample of a KPI scorecard.  
 The KPI scorecard was composed of nine indicators based on four perspectives of 
the BSC. These perspectives include the financial perspective (reduce food loss), the internal 
business perspective (follow prep, follow schedule, teamwork, and job performance), the 
customer perspective (challenge), and the earning and growth perspective (HR development, 
self-improvement).  Each kitchen employee’s performance was evaluated through 
observations and an interview with a chef or manager. Observations were conducted every 
month using the KPI scorecard that is presented in Figure 5, and each KPI was marked by a 
Likert type scale, which indicates S as the highest score, followed by A, B, C, and D. Also, 
interviews were used to collect additional information regarding self-improvement and HR 
development because many cases of learning and self-improvement activities were accrued 
outside of the work place.  
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The results of the KPI evaluations were summarized and compared with the 
accomplishment percentages (outputs / goals * 100) of the restaurants every month. Output 
information included sales, profits, labor expenses, food expenses, other expenses, number of 
customers and average check. The actual BSC analyses were conducted by a BSC expert 
every month using BSC designer software. 
ID Name Lim, S. G. Position/Title
WL_2B/
Line Cook
VN(B)
Profits(10) Labor Exp. Food Exp. Other Exp.
Average
Check
Goal 11,082,959 30,012,321 57,345,992 21,542,350 24,920
Output -3,910,459 25,534,258 33,587,563 17,799,950 19,218
% N/A 85.08% 58.57% 82.63% 77.12%
Standard
Manual(15)
Evaluation Safety QC
Performance
(15)
Other
Evaluation
S, A, B, C, D  S 12
Evaluation
Skill 35 S, A, B, C, D
S, A, B, C, D
S, A, B, C, D
S, A, B, C, D
Date Evaluatee Lim, S. G. Gu, J. S.
Duties 15
Sales(10)
# of
customers
KPI -BOH Line Cook
2009
200812028 Department
179,423,000 7,200
132,450,690 6,892
73.82% 95.72%
Follow  schedule
Goal
S
KPI Goal Performance Opinion
Build up skills for hot part
Follow  prep. List
Reduce food loss
Competency
Evaluation
(30%)
KPI Contents Evaluation Opinion
Challenge reduce customer complains
Performance
Apprasial
(50%)
S, A, B, C, D
Responsibility
keep station clean and use produces based
on FIFO
S, A, B, C, D
Teamwork engagement with all BOH crews S, A, B, C, D
Self-
Improvement
master all recipes and prep lists S, A, B, C, D
* Evaluation should be performed by a meeting with both evaluatee and evaluator.
Job
performance
make time line for all performance S, A, B, C, D
* Every evaluation should be marked correctly with a range from S (highest) and D (lowest).
2009 Evaluator
 
Figure 4. Sample KPI scorecard 
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Data analysis 
The first step to analyzing the data involved using BSC designer software. This 
software is primarily utilized to analyze the performance measurement of organizations and 
manage KPIs (Chao et al., 2005). The second step involved the implementation of BSC-DEA, 
which was achieved through the use of the Banxia Software Frontier Analyst application. 
This software is the most popular tool when conducting a DEA analysis (Najafi et al., 2009).  
For the Scale BSC-DEA, input variables were weighted based on a culinary competency 
theory that complemented the restaurant chain’s goals and strategies. The weighted variables 
and variable’s weight percentages were determined by a BSC expert, chefs, and managers 
when designing the BSC scorecard. The detailed BSC and BSC-DEA analysis and weighting 
process will be explained in the next section. 
BSC analysis 
The measures for the BSC in this study were based on the standard BSC design. The 
measures consist of the following four perspectives: financial, customer, internal business, 
and learning and growth. A total of nine variables (reduce food loss, follow prep, follow 
schedule, teamwork, job performance, challenge, responsibility, HR development, and self-
improvement) were developed by a BSC expert, and chefs and managers participated in the 
process of revising and confirming the BSC variables. 
The variable for the financial perspective was reduced food loss. The percentage of 
accomplishments is calculated by taking the goal of reducing the amount of food loss minus 
the actual food loss for each month. Chefs and managers checked the food inventory and the 
actual food ingredients that were used for cooking within every cooking station. The 
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performance evaluation identified S as representing100% accomplishment; A as representing 
90%; B as representing 85%; C as representing 80%; and D as representing less than 80% 
accomplishment. 
In the customer perspective, one variable was selected. In order to measure customer 
perspective, customers’ complaints regarding the food quality were collected every month. S 
indicated zero complaints; A indicated 1-2 complaints; B indicated 3-4 complaints; C 
indicated 5-6 complaints; and D indicated that complaints were made over 6 times.  
In the internal business perspective, two variables were used in this study. Those 
variables were follow food preparation and follow schedule. The performance was measured 
by chefs and managers’ observations as well as an interview with employees every month. 
Like other evaluation scores, S signified the best performance, and D the worst performance. 
The learning and growth perspective also involved two variables, which are 
extremely important for quality performance in the other three categories. The two variables 
in this category are (1) HR development for cooking skill and menu development and 
training and (2) employees’ self-improvement. The first category is the amount of time each 
employee spends specifically learning a new cooking skill or training for the implementation 
of a new menu. The second category involves employee activities that would affect the 
development of the kitchen, such as language learning and achievement certificates. The 
score measured by chefs and managers during employee interviews were the same as the 
internal business perspective criteria. 
In order to conduct a BSC analysis, three kitchens were selected under the food 
company. In each of the three restaurants, 12 kitchen employees were included to measure 
each kitchen’s performance efficiency. However, due to employee turnover and relocations, 
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10 kitchen employees from restaurant A, 10 kitchen employees from restaurant B, and 11 
employees from restaurant C were used for the actual BSC analysis. The BSC analyses were 
separately conducted within the three kitchens, and the results were analyzed to determine 
each kitchen’s performance. 
BSC-DEA analysis 
Although there are no guide-lines for determining the number of inputs and outputs 
or the sample size in a DEA analysis, Drake and Howcroft (1994) and Avkinran (1999) 
analyzed DEA studies to address the issue of an appropriate number of inputs and outputs. 
Sherman (1984) argued that the number of DMUs should be greater than the product of the 
inputs and outputs. Some controversy exists about how much greater the number of DMUs 
should be in comparison to the number of inputs and outputs. According to Drake and 
Howcroft (1994) the DEA produces more valuable results when the number of DMUs is at 
least twice as much as the total number of the number of inputs and outputs. Avkiran (2002) 
claims that the difference should be greater by insisting that the sample size should be at least 
three times larger than the sum of the number of inputs and outputs due to the common 
guidelines of selecting an appropriate sample size.  
However, due to the limited access of data, nine input and six output variables were 
used, and the number of the total DMUs was defined as 31 employees’ twelve month 
performance. Thus, the number of DMUs is only slightly larger than the number of the total 
number of inputs and outputs. 
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Selection of input and output variables 
The focus of using BSC-DEA within this study is to evaluate the efficiency and 
productivity of a restaurant’s kitchen area. In order to evaluate a kitchen’s performance, 
inputs and outputs should reflect the restaurant’s objectives and strategies. The inputs, which 
are performance variables in this study, were identified based on the key performance 
indicators of the BSC, and outputs were selected based on the restaurants’ sales 
accomplishment percentages.  
Based on the secondary data set from the Food Company, the following variables 
were selected for input variables:  HR Development, prep, schedule, reduce food loss, 
challenges, responsibility, teamwork, self-improvement, and job performance. Output 
variables were sales, labor expenses, food expenses, other expenses, number of customers 
and the average check. Table 2 provides a list of the input and outputs variables. 
Table 2. Inputs and outputs variables 
Inputs Outputs 
HR Development: Learning & Growth Perspective Sales 
Labor Expenses 
Food Expenses 
Other Expenses 
Number of Customers 
Average Check 
Follow prep: Internal Business Perspective 
Follow schedule: Internal Business Perspective 
Reduce food loss: Financial Perspective 
Challenge: Learning & Growth Perspective 
Responsibility: Customer Perspective 
Team Work: Internal Business Perspective 
Self-improvement: Learning & Growth Perspective 
Job performance: Internal Business Perspective 
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Selection of weight variables 
For this study, the input variables used for the weight Scale-DEA were based on the 
measurements from the learning and growth perspective (HR development), the internal 
business perspective (Prep, Schedule), and the financial perspective (Reduce food loss). 
Weight variables and percentages were selected from a culinary competency list that was 
provided from the research chef association (Birdir & Pearson, 2000; Bissett et al., 2009; Hu, 
2010), and a BSC expert along with chefs and managers decided the four weighted variables 
based on the restaurants’ goals and strategies.  
For the weight percentages, HR development was weighted 35 points, and Follow 
Prep, Follow Schedule, and Reduce food loss were weighted 5 points for each category. 
Greater emphasis was especially placed on HR development, which pertains to the learning 
and growth perspective, because employees play a critical role in improving productivity, 
efficiency, and ultimately, the financial success of the hospitality industry (McPhail, et al., 
2008). The chefs and managers at each restaurant were responsible for checking the progress 
of training for each employee and evaluating the employees’ performance. 
Inputs and outputs model for BSC-DEA 
The first BSC-DEA inputs and outputs model included nine input variables and seven 
output variables for the conduction of the BSC-DEA analyses. These selected variables were 
applied to the three restaurant kitchens used in the study, and chefs and managers collected 
data for evaluating the efficiencies in each kitchen. In order to calculate the efficiency scores, 
BSC-DEA was conducted in the three restaurants (3 DMUs), for different employees (31 
DMUs), and for different months (12 DMUs). The results were compared among the 
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designated DMUs. Figure 6 shows the BSC-DEA input and output model that was applied in 
this study. 
 
Figure 5. BSC-DEA inputs and outputs model 
The second BSC-DEA input and output model used the same input and output 
variables, and the analyses were conducted for the same DMUs; however, four input 
variables were weighted based on the culinary competency theory in order to test whether the 
culinary competency weight variables were significantly higher than when the culinary 
competencies were not weighted. Figure 7 shows the BSC-DEA input and output model, and 
it includes four weight variables including HR development, Follow prep, Follow schedule 
and Reduce food loss. 
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Figure 7. Scale BSC-DEA inputs and outputs model 
Reliability and accuracy of data 
Thanassoulis (1996) emphasized that the accuracy of the data is crucial for 
conducting a DEA analysis because inaccurate data might affect the efficiency rating of the 
unit and the efficiency ratings of other units in view of the relative nature of those 
efficiencies. Therefore, data must be secured for all units for the chosen inputs and outputs. 
The accuracy of the data is assumed in this study as the input and output scores were 
obtained from a reliable source, which is the head office of the food company. The data was 
collected from chefs and managers who were trained by a BSC expert. When chefs and 
managers conducted a BSC evaluation, they followed the guidelines that were provided by 
the BSC expert. 
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Statistical analysis 
In order to test the hypotheses, the first treatment involved using only the BSC to 
evaluate each kitchens’s employees. The second treatment involved using an instrument that 
combined the BSC-DEA. The first and the second hypotheses were tested based on various 
descriptive analysis results from the BSC designer software and the Banxia Software Frontier 
Analyst application. 
Furthermore, the third treatment involved using BSC-DEA without the culinary 
competency weight and with the culinary competency weight (Scale BSC-DEA). To test the 
differences between the without culinary competency DEA analysis and the with culinary 
competency DEA analysis, independent sample t-test and Analysis of Variance (ANOVA) 
were conducted. 
The first step of the statistical analysis involved calculating the efficiency scores 
using BSC-DEA. Without culinary competency weight efficiency scores were generated 
from 31 employees’ for the duration of 12 months (372 efficiency scores), and with culinary 
competency weight efficiency scores were calculated at the same setting as the without 
culinary competency weight analyses (372 efficiency scores). Totally, 744 efficiency scores 
were used for the statistical analysis. The second step involved examining the relationship 
between the independent variables and the dependent variable. Independent variables were 
defined as (1) culinary competency weight and (2) three different kitchens. The dependent 
variable was the efficiency scores from employees. Finally, a two-way ANOVA was used to 
determine which factors impacted the BSC-DEA efficiency scores when conducting with and 
without culinary competency weight analyses. 
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CHAPTER 4: RESULTS 
In the previous chapter the hypotheses were presented; the method of testing them 
was developed; and the implementing procedure for testing each hypothesis was illustrated. 
This chapter presents the results of this study. The first section begins with the BSC analysis 
results for the three kitchens. In the following section, the BSC-DEA analysis and the Scale 
BSC-DEA analysis are conducted, and the results are compared between the two analyses. In 
the last section, statistical examinations are completed to aid in the understanding of the 
results from the hypotheses tests. 
BSC analysis results for three kitchens 
Based on the literature review and methodology, the BSC analysis was conducted for 
three restaurants’ kitchens. Data were initially collected from 36 employees among three 
restaurants; however, due to employee turnover and relocation, 10 employees in kitchen A, 
10 employees in kitchen B, and 11 employees in kitchen C were used in the final BSC 
analysis. Figure 8 presents the BSC results of kitchen A; Figure 9 illustrates the BSC results 
of kitchen B; and Figure 10 shows the BSC results of kitchen C. 
First, Figure 8 provides a summary of the BSC scores obtained in the BSC analysis of 
kitchen A. The sum of the BSC score is 92.18% out of a target score of 100%. The following 
is a breakdown of the BSC score for kitchen A: 93.36% for the financial perspective score , 
91.63% for the internal business perspective score, 89.58% for the customer perspective 
score, and 94.17% for the learning and growth perspective score. In general, the performance 
of kitchen A looks relatively good because 11 out of the 15 variable performance scores are 
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above 90%. The four variables that were lower than 90% were Sales (73.61%), HR 
development (85.83%), Number of customers (86.6%), and Average check (85.14%). 
 
Figure 6. BSC analysis results of kitchen A 
Figure 9 presents a summary of the BSC scores obtained in the BSC analysis of 
kitchen B. The sum of the BSC score is 92.94%. Among the four perspectives, the financial 
perspective score is 92.14%; the internal business perspective score is 95.7%; the customer 
perspective score is 89.18%; and the learning and growth perspective score is 94.75%. Like 
kitchen A, Kitchen B’s BSC scores look good because 12 of the variables’ scores are above 
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90%, a percentage that is regarded as a good performance standard (Kaplan & Norton, 1996). 
However, the scores of sales (72.42%), number of customers (86.37%), and average check 
(83.99%) received a score lower than 90%. 
 
Figure 9. BSC analysis results of kitchen B 
Figure 10 shows a summary of the BSC scores obtained in the BSC analysis of 
kitchen C. The total BSC score is 86.51% out of 100%. More specifically, the financial 
perspective score is 91.22%; the internal business perspective score is 87.1%; the customer 
perspective score is 89.05%; and the learning and growth perspective score is 78.67%. The 
results illustrate that kitchen C’s performance is not successful because nine variables’ scores 
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(sales: 69.33%, reduce food loss: 89.67%, HR development: 80.5%, Teamwork: 87.5%, Job 
performance: 89.83%, Prep: 86.67%, responsibility: 85.5%, challenge: 81.83%, and self-
improvement: 75.5%) are lower than 90%. These results indicate that improvements need to 
be made in order to increase the scores of these nine variables, and managers should 
implement corrective strategies in order to enhance the performance of these nine areas in the 
future (Kaplan & Norton, 1996). 
 
Figure 10. BSC analysis results of kitchen C 
48 
 
 
When comparing the results of the three BSC analyses, kitchen A and B’s 
performance scores are comparatively better than kitchen C’s performance. However, the 
comparision of the three BSC results are meaningless because the BSC analysis is not based 
on  baselines or benchmarks (Rickards, 2003). Therefore, each result can only be analyzed in 
relation to the kitchen that it pertains to, and accurate conclusions regarding the kitchens’ 
performance for kitchens A, B, and C cannot be made by comparing the results of all three 
kitchens. For example, even though kitchen A’s BSC result is superior to kitchen B’s BSC 
result, the total number of  profits or the average score of customer satisfaction and self-
improvement in kitchen B may be better than kitchen A. Figure 10 presents an example of 
profit comparisons among kitchens A, B, and C and the BSC results comparisons for 
kitchens A, B, and C. It shows that the BSC scores of the three kitchens cannot be compared 
because the analysis is not based on a mathematical model.  
 
Figure 11. Example of the BSC results comparison 
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The BSC-DEA results 
BSC-DEA results for three kitchens 
The inputs used to perform this analysis included the nine KPI scorecard variables 
(HR development, Prep, Schedule, Food loss, Challenge, Responsibility, Teamwork, Self-
improvement, and Performance) and five output variables (Sales, Labor expense, Food 
expense, Other expense, and Number of guests). The results of the analysis for all three 
kitchens in the data set are presented in Table 3. 
Table 2. Three kitchen’s efficiency scores of BSC-DEA 
Unit name Score Efficient Condition 
A 1 (100%) True Green 
B 1 (100%) True Green 
C .531 (53.1%) False Red 
The results of the BSC-DEA analysis show that kitchen A and B had an efficiency 
score of 1 (100%). Kitchen C, on the other hand, is a relatively inefficient kitchen (.531) 
among three DMUs. This means that kitchens A and B succeeded in performance, but 
kitchen C has a potential improvement gap of .469 (46.9%). Thus, chefs or managers should 
check their business strategies and employees’ performance in order to fill the gap. 
Figure 12 shows the efficiency score distributions for the three kitchens. It provides 
the same results as Table 3 but it also visually presents the huge distance between the 
efficient DMUs (Kitchen A and B) and the inefficient DMU (kitchen C). Thus, kitchen C 
needs to identify benchmarks using the detailed efficiency score results of kitchens A and B. 
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Figure 12. Three kitchen’s efficiency score distribution 
BSC-DEA enables the analyst to obtain information about inefficient units; more 
specifically, it provides information regarding which inefficient units need to reduce their 
inputs or increase their outputs in order to become efficient. Therefore, the BSC-DEA 
technique not only helps managers identify how well the units are doing, but also provides 
insight into how much they could improve (Charnes et al., 1978). Table 4 and Figure 13 
illustrate a potential improvement analysis for kitchen C. Based on the results, kitchen C 
needs to improve all nine input variables. Those variables that especially have potential for 
major improvements include Food loss (74.55%), Responsibility (78.61%), Teamwork 
(70.32%), and Self-improvement (78.91%). HR development (64.47%) and Follow prep 
(61.17%) also have a large potion of improvement. Follow schedule (46.9%) and 
Performance (46.9%) could improve their performance to be classified as efficient variables. 
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Table 4. Potential improvement analysis of kitchen C 
Comparison Input/output    
name 
Target Value Potential 
Improvement 
1 HR 19.5 6.93 - 64.47% 
2 PREP 13.33 5.18 -61.17% 
3 SCHEDULE 9 4.78 -46.90% 
4 FOOD LOSS 10.33 2.63 -74.55% 
5 CHALLENGE 18.17 6.41 -64.72% 
6 RESPONSIBILITY 14.5 3.10 -78.61% 
7 TEAMWORK 12.5 3.71 -70.32% 
8 SELF-IMPROVE 24.5 5.17 -78.91% 
9 PERFORMANCE 10.17 5.40 -46.90% 
Figure 13 presents potential improvements for all input and output variables. This 
figure illustrates that kitchen C has potential improvements in nine input variables, but 
kitchen C has good efficiency scores in output variables such as sales (13%), labor expenses 
(9%), other expenses (1%), and number of customers (3%.). 
 
Figure 13. Potential improvement for kitchen C 
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Kitchen employees’ BSC-DEA results 
In the previous section, BSC-DEA analyses were conducted for the three kitchens. In 
addition to identifying each employees’ efficiency scores, additional BSC-DEA analyses 
were conducted for every employee in each of the three kitchens. Table 5 shows the 
employees efficiency scores of kitchen A. As the results indicate, six employees had an 
efficiency score of 1 (100%), and the other 4 employees had inefficient scores. Even though 
four employees had inefficient scores, employee number 3 (.929) and 5 (.922) had scores that 
were very close to being categorized as efficient. Thus, the chef or manager at kitchen A 
should focus primarily on improving the performance of employee number 2 (.781) and 4 
(.600). Not surprisingly, the employee efficiency results of kitchen A had similar outcomes 
as the three kitchen analysis results in the previous section. 
Table 5. Employee efficiency scores of kitchen A 
Unit name Score Efficient Condition 
1 1 (100%) True Green 
2 .781 (78.1%) False Red 
3 .929 (92.9%) False Amber 
4 .600 (60.0%) False Red 
5 .922 (92.2%) False Amber 
6 1 (100.0%) True Green 
7 1 (100.0%) True Green 
8 1 (100.0%) True Green 
9 1 (100.0%) True Green 
10 1 (100.0%) True Green 
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Figure 14 shows the employees’ efficiency scores distribution for kitchen A. It 
provides graphical information about 10 employees’ efficiency score results. The green color 
means efficient (100%), the yellow color means marginally efficient (91% to 99%), and the 
red color means inefficient DMUs. 
 
Figure 14. Employee BSC-DEA results of kitchen A 
Table 6 illustrates that seven out of ten employees were relatively efficient, and the 
efficiency scores range from 0.502 (50.2%) to 1 (100%). The relatively inefficient employees 
were number 11 (66.8%), 15 (50.2%), and 20 (61.6%). In general, employees of kitchen B 
had good efficiency scores. Thus, chefs and managers need to maintain those employees’ 
performances that were classified as efficient, and they should focus on the three inefficient 
employees’ performance and identify strategies to make their performance efficient. 
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Table 6. Employee efficiency scores of kitchen B 
Unit name Score Efficient Condition 
11 .668 (66.8%) False Red 
12 1 (100.0%) True Green 
13 1 (99.9%) True Amber 
14 1 (100.0%) True Green 
15 .502 (50.2%) False Red 
16 1 (99.9%) False Amber 
17 1 (99.9%) False Amber 
18 1 (100.0%) True Green 
19 1 (100.0%) True Green 
20 .616 (61.6%) False Red 
Figure 15 describes the efficiency distributions of kitchen B. According to the graph, 
employee numbers 13, 16, and 17 are marked as yellow (marginally efficient) despite the fact 
that these three DMUs are identified as efficient DMUs in Table 6. This is because the three 
employees’ efficiency scores were 99.9%, and those scores were rounded up by the program 
when generating the results.  
 
Figure 15. Employee BSC-DEA results of kitchen B 
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Table 7 provides insight into the employee efficiency scores of kitchen C. In the 
previous section, the overall efficiency score of kitchen C was categorized as inefficient 
(.531), and there was significant room for performance improvements as depicted in the 
potential improvement analysis. Not surprisingly, the employee efficiency results of kitchen 
C had similar outcomes in comparison to the three kitchen analysis results in the previous 
section. For examples, employee number 31 had an efficiency score of .172 (17.2%). This 
relatively low performance efficiency naturally affects the overall efficiency of kitchen C. 
Also, employee number 24 (62.5%), and 28 (62.5%) had inefficient scores. Although the 
chef or manager should strive to enhance the performance of employee numbers 24 and 28, 
attention should especially be directed toward improving the efficiency of employee number 
31 by focusing on the areas of training and motivation. Figure 16 shows the distribution of 
employee efficiency scores of kitchen C. 
Table 7. Employee efficiency scores of kitchen C 
Unit name Score Efficient Condition 
21 .97 (97.0%) False Amber 
22 1 (100.0%) True Green 
23 .99 (99.0%) True Amber 
24 .625 (62.5%) False Red 
25 .91 (91.0%) False Amber 
26 1 (100.0%) True Green 
27 .945 (94.5%) False Amber 
28 .625 (62.5%) False Red 
29 .99 (99.0%) False Amber 
30 .98 (98.0%) False Amber 
31 .172 (17.2%) False Red 
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 Figure 16 illustrates the distributions of eleven employees in kitchen C. It shows that 
employee number 31 has an extremely low performance efficiency score. However, this 
kitchen has great potential to be an efficient kitchen because eight out of eleven employees 
are at efficient or marginally efficient levels, which means that if chefs or managers focus on 
improving the performance of employee number 31, the total efficiency score of kitchen C 
would be changed in a positive direction. 
 
Figure 16. Employee BSC-DEA results of kitchen C 
The Scale BSC-DEA results 
Scale BSC-DEA results for three kitchens 
The input and output variables that were used to conduct these analyses were the 
same as the previous BSC-DEA analyses. However, four variables were weighted based on 
the culinary competency theory in order to identify the difference between the BSC-DEA 
analysis and the Scale BSC-DEA analysis. Weighted variables and percentages were selected 
from a culinary competency list (Birdir & Pearson, 2000; Bissett et al., 2009; Hu, 2010), and 
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a BSC expert, who was hired from the restaurant chain, along with the chefs and managers at 
each restaurant identified the four weighted variables based on the restaurants’ goals and 
strategies.  
The results of the Scale BSC-DEA analysis indicate that kitchen B had an efficiency 
score of 1 (100%). Kitchen A (77.1%) and kitchen C (41.0%) are relatively inefficient 
among the three DMUs. Each inefficient kitchen in the set is compared to an efficient kitchen 
with an efficiency score of 100%. This means that kitchens A and C have a potential 
improvement gap of 22.9% in kitchen A and 59% in kitchen C. This result is slightly 
different from the previous BSC-DEA results. Based upon BSC-DEA, kitchens A and B are 
efficient and C is inefficient, but according to the Scale BSC-DEA results, only kitchen B is 
efficient and kitchen A and C are inefficient. Thus, culinary competency weighted variables 
affect the efficiency evaluation of kitchens A, B, and C. 
Table 8. Three kitchen’s efficiency scores of scale BSC-DEA 
Unit name Score Efficient Condition 
A .771 (77.1%) False Red 
B 1 (100%) True Green 
C .41 (41.0%) False Red 
Table 9 and Figure 17 show a potential improvement analysis of kitchen A.  Based on 
the results, kitchen A could improve seven input variables and one output variable. The input 
variables that can be improved include HR (59.8%), Prep (51.4%), Schedule (60.1%), Food 
loss (71.36%), Challenge (1.56%), Teamwork (11.02%), and Self-improvement (6.35%), and 
the output variable includes Other Expense (1.29%). Interestingly, these results are 
significantly different than the BSC-DEA results. In the previous BSC-DEA analysis, kitchen 
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A received a DMU score of 1 and thus was classified as efficient; however, the Scale BSC-
DEA analysis for kitchen A reveals that it has large portions of potential improvement in 
many variables. 
Table 9. Potential improvement Scale BSC-DEA analysis of kitchen A 
Comparison Input/output    
name 
Value Target Potential 
Improvement 
1 HR 14.17 5.70 -59.80% 
2 PREP 9.17 4.46 -51.40% 
3 SCHEDULE 9.83 3.92 -60.10% 
4 FOOD LOSS 6.83 1.96 -71.36% 
5 CHALLENGE 6.33 6.23 -1.56% 
6 RESPONSIBILITY 3 3.02 0.83% 
7 TEAMWORK 4 3.56 -11.02% 
8 SELF-IMPROVE 5.33 4.99 -6.35% 
9 PERFORMANCE 4.67 5.34 14.44% 
10 OTHER EXP 130.8 129.11 -1.29% 
Figure 17 shows potential improvements for all input and output variables. This 
figure shows that kitchen C has potential improvements in seven input variables, but this 
kitchen has good efficiency scores in Responsibility (0.83%) and Performance (14.11%). 
Output variables also have good efficiency scores such as Sales (5%), Labor expenses (4%), 
Food expenses (27%), Number of customers (6%.), and Average check (5%). Overall, this 
suggests that kitchen A has good outputs based on the goal of kitchen A itself, but when chefs 
and managers compare the input variables of kitchen A with kitchen B, which is the most 
efficient DMU, kitchen B has a lot of potential area to improve its performance. 
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Figure 17. Scale BSC-DEA of kitchen A’s potential improvement 
Table 10 and Figure 18 provide a potential improvement analysis for kitchen C.  
Based on the results, kitchen C could improve nine input variables and two output variables. 
More specifically, the input variables include HR (71.01%), Prep (66.82%), Schedule 
(56.74%), Food loss (81.21%), Challenge (65.96%), Responsibility (79.3), Teamwork 
(71.74%), Self-improvement (79.785%), and Performance (47.85). The output variables 
include Other Expense (1.72%), and Average check (2.7%). Chefs and managers need to 
direct attention toward increasing the efficiency of all of these variables. Like kitchen A’s 
scale BSC-DEA analysis, these results are significantly different than the BSC-DEA results. 
Due to the four weighted variables (HR, Prep, Schedule, and Food loss), the gaps for 
potential improvement are relatively larger than the previous BSC-DEA analysis. These 
results provide chefs and managers with useful data because the four weighted variables 
reflect the uniqe charcteristics of the kitchen area. 
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Table 10. Potential improvement Scale BSC-DEA analysis of kitchen C 
Comparison Input/output    
name 
Value Target Potential 
Improvement 
1 HR 19.5 5.65 -71.01% 
2 PREP 13.33 4.42 -66.82% 
3 SCHEDULE 9 3.89 -56.74% 
4 FOOD LOSS 10.33 1.94 -81.21% 
5 CHALLENGE 18.17 6.18 -65.96% 
6 RESPONSIBILITY 14.5 3.00 -79.30% 
7 TEAMWORK 12.5 3.53 -71.74% 
8 SELF-IMPROVE 24.5 4.95 -79.78% 
9 PERFORMANCE 10.17 5.30 -47.85% 
10 OTHER EXP  130.38 128.14 -1.72% 
11 AVGCHECK 91.57 89.10 -2.70% 
 
 
Figure 18. Scale BSC-DEA of kitchen C’s potential improvement 
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Kitchen employees’ Scale BSC-DEA results 
In order to compare each employee’s efficiency scores with the BSC-DEA analysis,  
Scale BSC-DEA analyses were conducted for every employee within all three kitchens. Table 
11 provides the employees’ efficiency scores of kitchen A. As the results indicate, six 
employees had an efficiency score of 1 (100%), and the other four employees had inefficient 
scores. In comparison to the BSC-DEA results, the same employees were labeled as 
inefficient (2, 3, 4, and 5); however, the efficiency scores of every employee were lower than 
the previous BSC-DEA results:  #2 (.781 → .712), #3 (.929 → .805), #4 (.60 → .449), and 
#5 (.922 → .824). 
Table 11. Employee Scale BSC-DEA efficiency scores of kitchen A 
Unit name Score Efficient Condition 
1 1 (100%) True Green 
2 .712 (71.2%) False Red 
3 .805 (80.5%) False Red 
4 .449 (44.9%) False Red 
5 .824 (82.4%) False Red 
6 1 (100.0%) True Green 
7 1 (100.0%) True Green 
8 1 (100.0%) True Green 
9 1 (100.0%) True Green 
10 1 (100.0%) True Green 
Figure 19 shows the Scale BSC-DEA efficiency distributions of employees in kitchen 
A. According to the graph, employee numbers 2, 3, and 4 are marked as inefficient. 
62 
 
 
 
Figure 19. Employee Scale BSC-DEA results of kitchen A 
Table 12 illustrates that three out of ten employees were relatively efficient, and the 
efficiency scores range from 0.466 (46.6%) to 1 (100%). However, in the previous BSC-
DEA results, the employees of kitchen B had relatively high levels of efficiency because 
seven out of the ten employees were relatively efficient and received a score of 1 (100%). 
Surprisingly, the Scale BSC-DEA results revealed that the four weighted variables generate 
notable differences in the outcome of the Scale BSC-DEA analysis. When compared to the 
BSC-DEA results, employees’ efficiency scores were changed to the following: #11 (.668 
→ .596), #13 (1 → .776), #4 (.60 → .449), #15 (.508 → .439), #16 (1 → .776), #17 (1 
→ .734), #18 (1 → .924), and #20 (.616 → .466). Thus, chefs or managers should review 
their business strategies and employees’ performance because weighted variables, which 
place a major emphasis on the learning & growth perspective and HR development for 
culinary competencies, could help improve the efficiency of future performances. 
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Table 12. Employee Scale BSC-DEA efficiency scores of kitchen B 
Unit name Score Efficient Condition 
11 .596 (59.6%) False Red 
12 1 (100.0%) True Green 
13 .776 (77.6%) False Red 
14 1 (100.0%) True Green 
15 .439 (43.9%) False Red 
16 .776 (77.6%) False Red 
17 .734 (73.4%) False Red 
18 .924 (92.4%) False Amber 
19 1 (100.0%) True Green 
20 .466 (46.6%) False Red 
Figure 20 presents the Scale BSC-DEA efficiency distribution of employees in 
kitchen B. When comparing the results of the BSC-DEA analysis, Figure 20 shows the 
culinary competency weight variables affect on the efficiency distribution of kitchen B. 
 
Figure 20. Employee Scale BSC-DEA results of kitchen B 
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Table 13 provides the employee Scale BSC-DEA scores of kitchen C. The efficiency 
scores of kitchen C show that two out of eleven employees were comparatively efficient, and 
the efficiency scores range from 0.158 (15.8%) to 1 (100%). These results are similar to 
kitchen B’s Scale BSC-DEA results because they suggest that the four weighted variables 
had a major impact on the differences in the outcomes of the Scale BSC-DEA of kitchen C. 
When compared to the BSC-DEA results, the employees’ efficiency scores were changed to 
the following: #21 (.99 → .819), #23 (.99 → .943), #24 (.625 → .568), #25 (.99 → .60), #27 
(.99 → .943), #28 (.625 → .568), # 29 (.99 → .849), # 30 (.99 → .601) and #10 (.172 
→ .158). 
Table 13. Employee Scale BSC-DEA efficiency scores of kitchen C 
Unit name Score Efficient Condition 
21 .819 (81.9%) False Red 
22 1 (100.0%) True Green 
23 .943 (94.3%) False Amber 
24 .568 (56.8%) False Red 
25 .60 (60.0%) False Red 
26 1 (100.0%) True Green 
27 .943 (94.3%) False Amber 
28 .568 (56.8%) False Red 
29 .819 (81.9%) False Red 
30 .601 (60.1%) False Red 
31 .158 (15.8%) False Red 
Figure 21 illustrates the distributions of eleven employees at kitchen C. It shows that 
employee number 31 has an extremely low performance efficiency score and employee 
numbers 24, 25, 28, and 30 needs to improve their performance to be an efficient DMUs.  
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Figure 21. Employee Scale BSC-DEA results of kitchen C 
The statistical analysis results 
Independent sample t-test results 
To identify the difference between the BSC-DEA and the Scale BSC-DEA, the 
Banxia Software Frontier Analyst application was used to obtain efficiency scores. 
An independent sample t-test was conducted to compare the culinary competency 
weights for the BSC-DEA and Scale BSC-DEA. There was a significant difference in the 
BSC-DEA (M = 88.51, SD = 20.37) and Scale BSC-DEA (M = 79.1, SD = 22.13) 
conditions; t (742) = 6.04, p < .001. These results indicate that when using the Scale BSC-
DEA, the efficiency scores are more sensitive than the BSC-DEA. This means that the Scale 
BSC-DEA and BSC-DEA provide different efficiency scores when trying to identify the 
inefficient variables. Table 14 illustrates the independent sample t-test results of the BSC-
DEA and Scale BSC-DEA. 
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Table 14. Independent sample t-test results of BSC-DEA and Scale BSC-DEA 
 BSC-DEA Scale BSC-DEA  
t-test  M SD M SD 
Efficiency Score 88.51 20.37 79.10 22.13 6.04** 
HR Development 4.35 .97 2.82 .63 25.25** 
Follow Prep 4.56 .78 4.33 .74 4.07** 
Follow Schedule 4.63 .66 4.40 .63 4.89** 
Food Loss 4.69 .66 4.46 .63 4.97** 
Note: * p < 0.05; ** p <0.01; *** p < 0.001 
Analysis of variance (ANOVA) results 
The two-way ANOVA was used to determine whether the culinary competency 
weight and different kitchen would impact the efficiency scores of the BSC-DEA and Scale 
BSC-DEA. Independent variables were (1) culinary competency weight and (2) three 
different kitchens. The dependent variable was the efficiency scores from employees. Totally, 
744 efficient scores were used for the statistical analysis. Table 15 shows that the main 
effects and the interaction effect of the culinary competency weight and the kitchen. 
A two-way ANOVA yielded a main effect for the culinary weight was significant, F 
(1, 11) = 20.756, p < .05. Also, the main effect of the kitchen was significant, F (1, 15) = 193, 
p < .05 as well. However, the interaction effect was not significant, F (1, 7) = 0.126, p > .05. 
This result indicates that the culinary competency weight and kitchen on efficiency scores 
were not statistically significant. 
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Table 15. Two-way ANOVA result of the culinary competency weight and kitchen 
 df F MS Sig 
Intercept 1 1173.263 5644345.465 .001 
Weight 1 20.756 522.602 044* 
Kitchen 2 192.543 4815.319 005* 
Weight*Kitchen 2 .126 25.009 .881 
Note: * p < 0.05; ** p <0.01; *** p < 0.001 
The two sets of ANOVA were used to determine whether the culinary competency 
weight would impact the efficiency scores of the BSC-DEA and Scale BSC-DEA. Table 16 
shows the results of the BSC-DEA. Without culinary competency weight, Prep (p<0.001), 
Food loss (p<0.020), Responsibility (p<0.003), Teamwork (p<0.001), Self-improvement 
(p<0.015), and Performance (p<0.001) turned out to be statistically significant when 
calculating the efficiency scores of the kitchens at the p<.05 level. 
Table 16. ANOVA result of BSC-DEA (without culinary competency weight) 
 df F ŋ2 p 
Corrected model 28 6.767 .356 0.001 
HR development 1 1.312 .004 .253 
Follow prep 1 10.256 .029 .001*** 
Follow schedule 1 1.219 .004 .270 
Reduce food loss 1 5.439 .016 .020* 
Challenge 1 .133 .001 .716 
Responsibility 1 9.023 .026 .003** 
Teamwork 1 11.403 .032 .001*** 
Self-improvement 1 6.032 .017 .015* 
Performance 1 28.685 .077 .001*** 
Sale 1 .062 .001 .804 
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Table 16. (Continued) 
 df F ŋ2 p 
Labor expenses 1 .021 .001 .884 
Food expenses 1 .285 .001 .593 
Other expenses 1 .153 .001 .696 
Number of customer 1 1.141 .003 .286 
Average check 1 .265 .001 .607 
Note: * p < 0.05; ** p <0.01; *** p < 0.001 
Table 17 shows results of the BSC-DEA. With the culinary competency weight, HR 
development (p<0.033), Prep (p<0.001), Food loss (p<0.016), Challenge (p<0.009), 
Responsibility (p<0.036), Teamwork (p<0.017), and Performance (p<0.002) turned out to be 
statistically significant when calculating the efficiency scores of the kitchens at the p<.05 
level. 
 The ANOVA results of the Scale BSC-DEA revealed that the four weighted variables 
generate notable differences in the outcome of the ANOVA results of the BSC-DEA. When 
comparing the results, three variables of the Scale BSC-DEA (HR development p<0.033; 
Prep p<0.001; Food loss p<0.016) turned out statistically significant with the culinary 
competency theory. However, the ANOVA results of the BSC-DEA, which is without 
culinary competency, revealed that only two variables (Prep p<0.001; Food loss p<0.020) 
were statistically significant. Moreover, R squared score of Scale BSC-DEA is .429; 
however, R squared score of BSC-DEA is .346. These results indicate that the culinary 
weighted Scale BSC-DEA has more powerful for explaining the research model than the 
without culinary competency weighted BSC-DEA.  
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Table 17. ANOVA result of  ScaleBSC-DEA (with culinary competency weight) 
 df F ŋ2 p 
Corrected model 28 9.588 .439 0.001 
HR development 1 4.601 .008 .033* 
Follow prep 1 19.464 .013 .001*** 
Follow schedule 1 1.868 .054 .173 
Reduce food loss 1 5.896 .005 .016* 
Challenge 1 6.813 .017 .009** 
Responsibility 1 4.456 .019 .036* 
Teamwork 1 5.708 .013 .017* 
Self-improvement 1 .030 .016 .862 
Performance 1 9.964 .001 .002** 
Sale 1 .465 .028 .496 
Labor expenses 1 .116 .001 .734 
Food expenses 1 1.763 .005 .185 
Other expenses 1 .393 .001 .531 
Number of customer 1 .399 .001 .528 
Average check 1 .723 .002 .396 
Note: * p < 0.05; ** p <0.01; *** p < 0.001 
Test results of research hypotheses 
H1: Using the BSC-DEA for performance evaluation will provide more useful 
information than when using the BSC alone in the kitchen area. 
In order to test hypothesis 1, the BSC results and the BSC-DEA results were 
compared. Based on the results of the BSC Designers Software and the Banxia Software 
Frontier Analyst application, the BSC-DEA provided total performance evaluations which 
encompassed both financial and non-financial perspectives. Moreover, the results delivered 
comparison analyses among DMUs, potential improvement analyses, and distribution results 
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for the DMUs. On the other hand, the BSC Designer Software only provided the total scores 
of each restaurant performance evaluation results and each variables performance scores. 
Thus, hypothesis 1 was supported in the results for the three kitchen areas used for this study. 
H2: Efficiency scores will be significantly different when using the culinary 
competency weight (HR development, Follow prep, Follow up schedule, Reduce 
food loss) than when using the BSC-DEA. 
The efficiency scores of the Banxia Software Frontier Analyst application were 
significantly different between the BSC-DEA and Scale BSC-DEA. The test results revealed 
that the efficiency scores of the Scale BSC-DEA showed more accurate results when 
identifying the potential improvement areas. Likewise, the independent sample t-test results 
supported the hypothesis that performance measurement in the BSC-DEA would provide 
higher efficiency scores (M = 88.51, SD = 20.37) than performance measurement in the 
Scale BSC-DEA (M = 79.1, SD = 22.13), t (742) = 6.04, p < .001. 
H3: The culinary competency weight variables are significantly higher (HR 
development, Follow prep, Follow up schedule, Reduce food loss) than the 
without culinary competency weight variables when conducting the BSC-DEA 
analysis. 
 In order to identify the difference between the BSC-DEA and the Scale BSC-DEA, 
two sets of one-way ANOVA were conducted to determine whether the culinary competency 
weight would impact the efficiency scores of the BSC-DEA and Scale BSC-DEA analyses. 
The results showed that without the culinary competency weight, Prep (p<0.001), and Food 
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loss (p<0.02) were statistically significant; however, with the culinary competency weight, 
HR development (p<0.033), Prep (p<0.001), and Food loss (p<0.016) were statistically 
significant when calculating the efficiency scores of the kitchens. Among the four weighted 
variables, Schedule did not support hypothesis 3. Thus, hypothesis 3 was only partially 
supported. 
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CHAPTER 5: CONCLUSIONS AND IMPLICATIONS 
 This chapter summarizes the findings of this research and interprets the results 
presented in Chapter 4. This chapter specifically focuses on the conclusions and the possible 
implications of this study. Moreover, study limitations and suggestions for future research 
are discussed. 
Summary of the study 
 The BSC has been studied and discussed widely in research and applied literature 
since Kaplan and Norton (1992) introduced it in the business sector. However, although the 
BSC has been implemented in multiple areas, few studies have discussed the limitations of 
the BSC as a performance measurement tool (Banker et al., 2005; Eilat et al., 2008; Lipe & 
Salterio, 2000). Although the BSC has some limitations, these shortcomings are reduced 
when it is combined with DEA because these two tools complement each other (Serrano-
Cinca et al., 2005; Eilat et al., 2008; Najafi et al., 2009). Therefore, this study has explored 
the possibility of developing a comprehensive research framework to combine the BSC and 
DEA approaches for evaluating management efficiency in kitchen areas. 
 The findings of this study show that the BSC-DEA provides more useful information 
than when using the BSC alone in the kitchen area. Although the three kitchens’ BSC 
analyses results provided a balanced view of the performance measurement results based on 
financial, customer, internal, and learning and growth perspectives, the results could not 
determine performance baselines or benchmarks. On the other hand, the BSC-DEA in this 
study provided a more in-depth evaluation of the overall management performance based on 
the inputs and outputs. This more detailed evaluation from the combined BSC-DEA was 
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beneficial because it made it possible to identify appropriate benchmarks for each 
organization. Thus, the results confirmed the results of previous studies (Avkiran, 2002; 
Mostafa, 2007; Rickards, 2003; Serrano-Cinca et al., 2005) that the BSC is one approach to 
measuring management performance; however, when the efficiencies of multiple 
performance organizations are being compared quantitatively, the BSC-DEA is a more 
appropriate model. 
 To identify the different efficiency scores between BSC-DEA and Scale BSC-DEA, 
four input variables were weighted based on the culinary competency theory. The input 
variables used for the weight Scale BSC-DEA were based on the learning and growth 
perspective (HR development), the internal business perspective (Prep, Schedule), and the 
financial perspective (Reduce food loss). The four weighted variables and percentages were 
selected from a culinary competency list that was provided by the chefs and managers from 
the three restaurants used in this study. The results revealed that the efficiency scores of the 
two analyses were significantly different. For instance, kitchen A received a DMU score of 1 
in BSC-DEA; however, the Scale BSC-DEA for kitchen A showed that potential 
improvements exist for many variables. Moreover, each kitchen’s employee efficiency scores 
were significantly different for each of the two analyses. These results were further supported 
by the potential improvement analyses for each input and output variables as well as the 
comparisons of the kitchen employees’ efficiency scores. 
 The results also indicated that the culinary competency weights have a significant 
effect on efficiency scores for those levels that p<.05. More specifically, the variables in this 
study that would especially benefit from culinary competency weights include the following: 
HR development (p<0.033), Prep (p<0.001), and Food loss (p<0.016). The results indicate 
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that culinary competency weights have the potential to achieve a more accurate analysis in 
the kitchen area in comparison to the BSC-DEA. Thus, chefs or managers should review 
their business strategies and employees’ performance because weighted variables could help 
improve the efficiency of future performances by placing a major emphasis on the learning & 
growth perspective for culinary competencies. 
Conclusions 
The purpose of this study was to apply a new performance measurement tool to 
evaluate the relative efficiency and productivity of a restaurant’s kitchen area.  
First, the results indicate that the BSC can be applicable as a performance 
measurement tool for evaluating a kitchen’s efficiency. The four dimensions of the BSC 
were especially helpful for managements to establish an efficiency evaluation system for the 
evaluation of a kitchen’s performance. This study also identifies the limitations of the BSC 
analysis and verifies that DEA can overcome the shortcomings of the BSC. Moreover, the 
results suggest that the integrated BSC-DEA model could overcome the limitations in 
existing BSC applications. For instance, when solely using the BSC, it was impossible to 
make comparisons among DMUs because the BSC is not based on a mathematical model. 
However, this study solves this shortcoming by introducing the BSC-DEA integrated model. 
Second, this study verifies the reasons for applying BSC-DEA as a diagnostic tool in 
the management’s decision-making process. The focus of BSC-DEA is on highlighting 
individual DMUs that exhibit best practices rather than the central tendencies of the group as 
a whole. This approach allows chefs and managers to identify specific areas that need to be 
improved and offers solutions as to how improvements in efficiency can be made. Also, the 
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BSC-DEA analysis can complement other methods used to evaluate a company’s 
productivity and efficiency and provides information not obtainable with other techniques. 
Thus, BSC-DEA appears to be a tool for identifying specific problems that a DMU might 
face. The present study has demonstrated its use as a diagnostic instrument for identifying 
problems involving the utilization of investments. 
Third, this study introduces Scale-DEA, which is a new performance measurement 
tool in the hospitality area. Rouse et al. (2002) stated that Scale-DEA has various advantages 
over the regular DEA analysis. More specifically, it was postulated that when using the BSC 
with Scale-DEA in the kitchen area, evaluation accuracy would be improved because the 
Scale-DEA is able to identify the unique relationships that exist among the kitchen area’s 
different variables. More specifically, this study reveals that culinary competency weighted 
variables (HR development, Prep, and Reduce food loss) could help improve the accuracy of 
the BSC-DEA analysis. Based on the statistical analysis results, HR development (p<0.033), 
Prep (p<0.00), and Food loss (p<0.016) variables reflect the uniqueness of each kitchen 
area’s characteristics when conducting performance evaluations. 
Implications 
This study has a number of implications. The findings of this study contribute to not 
only hospitality literature by providing important insights into the performance measurement 
techniques such as the BSC, BSC-DEA, and Scale BSC-DEA, but also is applicable to 
practitioners by providing them with an increased understanding of several advanced 
performance measurement tools that can provide guidelines for future management. Even 
though this study is an exploratory study that combines the BSC and DEA for measuring 
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kitchen employees’ performance, it has provided useful information regarding the 
application of the BSC-DEA and the Scale BSC-DEA in the kitchen area.  
Moreover, this research has contributed to the current understandings of the 
integration of DEA and BSC and its ability to assist kitchens in developing long-term 
strategies and objectives. This research has accomplished this increased understanding in the 
following ways: 
First, a research framework has been developed that is centered on integrating DEA 
and BSC and determining its ability to identify the competitive position of DMU. Thus, these 
empirical results provide pioneer reference materials for academicians to conduct future 
research on the integration of DEA and BSC. 
Second, currently no previous study exists that examines the simultaneous influences 
of the BSC perspectives and DEA within the restaurant area for the purposes of measuring 
the kitchen’s management performance efficiency to have restaurant managers plan 
competitive strategies and long-term goals. The results of this study have provided 
developments that will be useful for practitioners to intensify their competitive advantages in 
the restaurant industry. 
Third, the findings of this research could provide useful insights to other restaurants’ 
chefs or managers who are considering making revisions to their performance measurement 
system. The BSC-DEA efficiency score is especially very useful for identifying the least 
efficient variables that require the most attention from chefs or managers. Also, the Scale 
BSC-DEA model not only has the ability to help chefs or managers establish detailed 
business strategies to prioritize the level of importance of input and output variables, but it 
also helps them to evaluate the effects management decisions will have on the profitability of 
77 
 
 
restaurants. Thus, BSC-DEA could be an important tool for diagnosing potential problems 
and determining their relevancy on future investment decisions. 
Fourth, this research provides an example of a weighted scheme using the culinary 
competency theory. The findings show that culinary competency weighted variables could 
help improve the accuracy of the BSC-DEA analysis. Thus, chefs or managers can apply the 
culinary competency variables when evaluating their performance evaluations. 
Limitations of this Study 
This study has several limitations. The BSC data used in this study did not include the 
entire restaurant unit; rather, data was only obtained from three kitchens within the restaurant 
unit. This was because for the purposes of the study, only kitchen employees’ data were 
employed for the BSC and BSC-DEA analyses. Thus, a BSC for the restaurant as a whole 
would probably use more variables, and the evaluations would also be different as well. 
The testing of hypothesis 1 was not based on a statistical method. When comparing 
the BSC and BSC-DEA, the results of the BSC designers Software and the Banxia Software 
Frontier Analyst application were used; however, both results could not be compared using 
statistical methods because the units of the results were different. 
The BSC-DEA model in the study considers limited output, which may ignore other 
important measures of a restaurant operation. Due to the limited access to data, many inputs 
that could potentially be included in a BSC-DEA model have been ignored in this study. 
In addition, only one year of data was included in the analysis. Thus, the results of the 
analysis cannot be generalized beyond the year. The efficiency scores obtained in the 
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analysis are representative of this particular year and are expected to be the same in another 
period of time. 
Suggestions for future research 
Although this research provides a number of implications, it is difficult to generalize 
findings from a single research endeavor. Thus, future studies should concentrate on 
obtaining additional data regarding the implications of the integrated BSC-DEA approach by 
applying BSC-DEA to different organizations and units, implementing different research 
models, and obtaining data from a long-term period. 
The BSC-DEA is capable of dealing with complexities and can be used to examine 
the efficiency of specific variables through the use of multiple inputs and outputs. The total 
number of inputs and outputs of this research was 15. The number of variables of this study 
was relatively small because the research boundary was limited to the kitchen area. Future 
studies that are conducted should use a larger number of variables in order to obtain more in-
depth information and to identify the relationship among DMUs and variables. 
Finally, additional studies could be conducted to explore how BSC-DEA can help 
compare one unit to another. Identifying the efficient DMUs and inefficient DMUs are very 
important; however, it is also important to identify the potential improvements of inefficient 
DMUs. In this research, potential improvement analyses were conducted at the collective 
level, but further potential improvement analyses could not be conducted for individual units. 
For future studies, it would be interesting to see each unit’s potential improvement gap and 
the relationship between the collective level and unit level. 
 
79 
 
 
REFERENCES 
Achterbergh, J., Beeres, R., & Vreiens, D. (2003). Does the balanced scorecard support 
organizational viability. Kybernetes 32(9/10), 1387-1401. 
Ahrens, T., & Chapman, C. S. (2004). Accounting for flexibility and efficiency: A field 
study of management control systems in a restaurant chain. Contemporary Accounting 
Research 21(2), 271-301. 
Al-Shammari, M. (1999). A multi-criteria data envelopment analysis model for measuring 
the productive efficiency of hospitals. International Journal of Operations and 
Production Management, 19, 879-890. 
Andrews, K. Z. (1996). Two kinds of performance measures. Harvard Business Review, 
74(1), 8–9. 
Atkinson, A. A., Balakrishnan, R., Booth, P., Cote, J. M., Groot, T., Malmi, T., Roberts, H., 
Uliana, E. & Wu, A. (1997). New directions in management accounting research. 
Journal of Management Accounting Research, 9, 79-108. 
Avkiran, N. K. (1999). An application reference for data envelopment analysis in branch 
banking: Helping the novice researcher. Journal of Bank Marketing, 17(5), 206–220. 
Avkiran, N. K. (2002). Monitoring hotel performance. Journal of Asia-Pacific Business, 4(1), 
51–66. 
Banker, R.D., & Thrall, R.M. (1992). Estimation of returns to scale using data envelopment 
analysis. European Journal of Operational Research, 62, 74–84. 
Banker, R. D., Potter, G., & Srinivasan, D. (2000). An empirical investigation of an incentive 
plan that includes nonfinancial performance measures. Accounting Review, 75(1), 65–92. 
80 
 
 
Banker, R. D., Chang, H., & Pizzini, M. J. (2004). The balanced scorecard: Judgmental 
effects of performance measures linked to strategy. Accounting Review, 79(1), 1–23. 
Banker, R. D., Chang, H., & Natarajan, R. (2005). Productivity change, technical progress, 
and relative efficiency change in the public accounting industry. Management Science, 
51, 291-304. 
Becker, B. E., Huselid, M. A., & Ulrich, D. (2001). The HR scorecard: Linking people, 
strategy, and performance. Boston: Harvard Business School Press. 
Berkman, E. (2002). How to use the balanced scorecard: You can’t tell when you’re winning 
if you don’t keep score. CIO, 15 (15), 1-4. 
Birdir, K., & Pearson, T. E. (2000). Research chefs' competencies: A Delphi approach. 
International Journal of Contemporary Hospitality Management, 12(3), 205-209. 
Bissett, R. L., Cheng, M. S. H., & Brannan, R. G. (2009). A qualitative assessment of 
culinary science competencies defined by the research chefs association. Journal of 
Culinary Science and Technology, 7, 285-293. 
Brewer, P. (2002). Putting strategy into the balanced scorecard. Strategic Finance (January), 
44-52. 
Chang, D.S., & Lo, L.K. (2005). Measuring the relative efficiency of a firm’s ability to 
achieve organizational benefits after ISO certification. Total Quality Management & 
Business Excellence, 16(1), 57–69. 
Chao, C., Fang, H., & Bin, W. (2005) Evaluating the balanced scorecard with data 
envelopment analysis to measure management efficiency of hotels in Taiwan and 
Vietnam. Kun Shan University of Phase Journal, 2, 105-126. 
81 
 
 
Charnes, A., Cooper, W., & Rhodes, E. (1978). Measuring the efficiency of decision making 
units. European Journal of Operational Research, 2, 429–444. 
Chen, T., & Chen, L. (2007). DEA performance evaluation based on BSC indicators 
incorporated: The case of semiconductor industry. International Journal of Productivity 
and Performance Management, 56(4), 335-357. 
Chow, C., Ganulin, D., Haddad, K., & Williamson, J. (1998). The balanced scorecard: A 
potent tool for energizing and focusing healthcare organization management. Journal of 
Healthcare Management (May/June), 263-280. 
Chung, B., Enz, C. A., & Lankau, M. J. (2003). Grooming future hospitality leaders: A 
competencies model. The Cornell Hotel and Restaurant Administration Quarterly, 44 
(3), 17-25. 
Cokins, G. (2005). Performance management: Making it work: The promise and perils of the 
balanced scorecard. Accounting, Organizations and Society 22(5), 221-240. 
Cooper, W., Seiford, L., Tone, K., & Zhu, J. (2007). Some models and measures for 
evaluating performances with DEA: Past accomplishments and future prospects. 
Journal of Productivity Analysis, 28(3), 151-163. 
Denton, G., & White, B. (2000). Implementing a balanced scorecard approach to managing 
hotel operations. Cornell Hotel and Restaurant Administration Quarterly, 41(1), 94-107. 
Doran, M., Haddad, K., & Chow, C. (2002). Maximizing the success of balanced scorecard 
implementation in the hospitality industry. International Journal of Hospitality and 
Tourism Administration, 3(3), 33-58. 
Drake, L., & Howcroft, B. (1994). Relative efficiency in the branch network of a UK bank: 
An empirical study. The International Journal of Management Science, 22(1), 83-90. 
82 
 
 
Eilat H., Golany, B., & Shtub, A. (2008). R&D project evaluation: An intergrade DEA and 
Balanced Scorecard approach. Omega, 36, 895-912. 
Evans, N. (2005). Assessing the balanced scorecard as a management tool for hotels. 
International Journal of Cotemporary Hospitality Management, 17(5), 376-390.  
Fitzgerald, L., Johnston, R., Brignall, T. J., Silvestro, R., & Voss, C. (1991). Performance 
measurement in service business. CIMA, London. 
Fletcher, H. D., & Smith, D. B. (2004). Managing for value: Developing a performance 
measurement system integrating economic value added and the Balanced Scorecard in 
strategic planning. Journal of Business Strategies, 21, 1-17.  
Frigo, M., & Krumwiede, K. R. (2000). The balanced scorecard: A winning performance 
measurement system. Strategic Finance, 81(7), 50-54. 
Frigo, M. L. (2002). Nonfinancial performance measures and strategy execution. Strategic 
Finance, 84(2), 6–8. 
Haktanir, M., & Harris, P. (2005). Performance measurement practice in an independent 
hotel context: A case study approach, International Journal of Contemporary 
Hospitality Management, 17(1), 39 – 50. 
Hoque, Z., & James, W. (2000). Liking balanced scorecard measures to size and market 
factors: Impact on organizational performance. Journal of Management Accounting 
Research, 12, 1-17. 
Hsu, T., Tzeng, G., & Chen, F. (2011). A balanced scorecard approach to establish a 
performance evaluation and relationship model for Hot Spring hotels based on a hybrid 
MCDM model combining DEMATEL and ANP. International Journal of Hospitality 
Management, doi:10.1016/j.ijhm.2011.02.001. 
83 
 
 
Hu, M. (2010). Discovering culinary competency: An innovative approach. Journal of 
Hospitality, Leisure, Sport and Tourism Education, 9(1), 65-72. 
Huckestein, D., & Duboff, R. (1999). Hilton Hotels: A comprehensive approach to delivering 
value for all stakeholders. Cornell Hotel and Restaurant Administration Quarterly, 
40(4), 28-42. 
Ittner, C. D. & Larcker, D. (1998). Innovations in performance measurement: Trends and 
research implications. Journal of Managerial Accounting Research, 10, 205-235. 
Ittner, C. D., Larcker, D. & Meyer, M. W. (2003). Subjectivity and the weighting of 
performance measures: Evidence from a balanced scorecard. The Accounting Review, 
78(3), 725-775. 
Jauhari, V. and Misra, K. (2004) Services management: An insight into the hospitality sector, 
Gurgaon, India: Institute for International Management & Technology. 
Josman N., & Birnboim S. (2001). Measuring kitchen performance: What assessment should 
we choose? Scandinavian Journal of Occupational Therapy, 8(4), 193-202. 
Kaplan, R. S., & Norton, D. P. (1992). The balance scorecard – measures that drive 
performance. Harvard Business Review, 70(1), 71–79. 
Kaplan, R. S., & Norton, D. P. (1996). Using the balance scorecard as a strategic 
management system. Harvard Business Review, 74(1), 75–85. 
Kaplan, R.S. & Atkinson, A. (1998). Advanced management accounting. Englewood Cliffs, 
NJ: Prentice-Hall. 
Kaplan, R. S., & Norton, D. P. (2001). The strategy-focused organization: How balanced 
scorecard companies thrive in the new business environment. Boston, MA: Harvard 
Business School Press. 
84 
 
 
Kaplan, R. S., & Norton, D. P. (2004). Measuring the strategic readiness of intangible assets. 
Harvard Business Review, 82(2), 52-63. 
Kao, C., & Hwang, S. (2008). Efficiency decomposition in two-stage data envelopment 
analysis: An application to non-life insurance companies in Taiwan. European Journal 
of Operational Research, 185(1), 418-429. 
Koys, D. (2003). How the achievement of human-resources goals drives restaurant 
performance. The Cornell Hotel and Restaurant Administration Quarterly, 44(1), 17-24. 
Lawler, E. E. (1994). From job based to competency based organizations. Journal of 
Organizational Behavior, 15, 3-15. 
Libby, T., Salterio, S. E., & Webb, A. (2004). The balanced scorecard: The effects of 
assurance and process accountability on managerial judgment. The Accounting Review, 
79(4), 1075-1094. 
Lipe M. G., & Salterio, S. E. (2000). The balanced scorecard: Judgmental effects of common 
and unique performance measures. The Accounting Review, 75(3), 283-298. 
Liu, S. (2008). A fuzzy DEA/AR approach to the selection of flexible manufacturing systems. 
Computers & Industrial Engineering, 54(1), 66-76. 
Malina, M., & Selto, F. (2001). Communicating and controlling strategy: An empirical study 
of the effectiveness of the balanced scorecard. Journal of Management Accounting 
Research, 13, 47-90. 
Mannino, M., Hong, S., & Choi, I. (2008). Efficiency evaluation of data warehouse 
operations. Decision Support Systems, 44(4), 883-898. 
85 
 
 
McPhail, R., Herington, C., & Guilding, C. (2008). Human resource managers’ perception of 
the applications and merit of the balanced scorecard in hotels. International Journal of 
Hospitality Management 27(2), 623-631. 
Metters, R., King-Metters, K., Pullman, M., & Walton, S. (2006). Successful service 
operations management, 2nd Edition, Mason, Ohio: Thompson South-Western. 
Mooraj, S., Oyon, D., & Hostettler, D. (1999). The balanced scorecard: A necessary good or 
an unnecessary evil? European Management Journal, 17(5), 481–491. 
Mostafa, M. (2007). Benchmarking top Arab banks’ efficiency through efficient frontier 
analysis. Industrial Management & Data Systems, 107(5), 802–823. 
Najafi, E., Aryanegad, M., Lotfi, F., & Ebnerasould, A. (2009). Efficiency and effectiveness 
rating of organization with combined DEA and BSC. Applied Mathematical Sciences, 3, 
239-265.  
Neves, J., & Lourenco, S. (2008). Performance evaluation of worldwide hotel industry using 
data envelopment analysis: Global case in hospitality industry. New York, NY: 
Haworth Press. 
Niven, P. R. (2002). Balanced scorecard step by step: Maximizing performance and 
maintaining results. New York, NY: Wiley. 
Norman, M., & Barry, S. (1991). Data envelopment analysis: The assessment of performance. 
New York, NY: John Wiley. 
Phillips, P., & Louvieris, P. (2005). Performance measurement systems in tourism, hotel, 
hospitality, and leisure small medium sized enterprises: A balanced scorecard 
perspective. Journal of Travel Research, 44(4), 201-211. 
86 
 
 
Pock, T., Westlund, A., & Fahmi, F. (2004). Gaining bilateral benefit through holistic 
performance management and reporting. Total Quality Management & Business 
Excellence, 15(5), 557–567. 
Rickards, R.C. (2003). Setting benchmarks and evaluating balanced scorecards with data 
envelopment analysis. Benchmarking, 10(3), 226–245. 
Rickards, R. C. (2007). BSC and benchmark development for an e-commerce SME. 
Benchmarking, 14, 222-250. 
Roberts, M. L., Albright, T. L., & Hibbets, A. R. (2004). Devising balanced scorecard 
evaluations. Behavioral Research in Accounting, 16, 75-88. 
Roll, Y. (1993). Alternate methods of treating factor weights in DEA. Omega, 21(1), 99-109. 
Said, A. A., HassabElnaby, H. R., & Wier, B. (2003). An empirical investigation of the 
performance consequences of nonfinancial measures. Journal of Management 
Accounting Research, 15, 193–223. 
Seiford, L. M. (1996). Data envelopment analysis: The evolution of the state of the art. 
Journal of Productivity Analysis, 7, 99-137. 
Serrano-Cinca, C., Fuertes-Callen, Y., & Mar-Molinero, C. (2005). Measuring DEA 
efficiency in internet companies. Decision Support Systems, 38(4), 557–573. 
Shafer, S., & Byrd, T. (2000). A framework for measuring the efficiency of organizational 
investments in information technology using data envelopment analysis. Omega, 28, 
125-141. 
Shenhar, A., & Dvir, D. (1996). Handbook of technology management. McGraw-Hill, New 
York, NY. 
87 
 
 
Sherman, H. (1984). Improving the productivity of service business. Sloan Management 
Review 25 (3), 11-23. 
Tas, R. F. (1998). Teaching future managers. Cornell Hotel and Restaurant Administration 
Quarterly, 29(2), 41-43. 
Thanassoulis, E. (1996). A data envelopment analysis approach to clustering operating units 
for resource allocation purposes. Omega International Journal of Management Science, 
24(4), 463–476. 
Tracy, D. L., & Chen, B. (2005). A generalized model for weight restrictions in data 
envelopment analysis. Journal of Operational research Society, 56, 390-396. 
Wu, D. (2009). Supplier selection: A hybrid model using DEA, decision tree and neural 
network, Expert Systems with Applications, 36(5), 9105-9112. 
Zopiatis, A. (2010). Is it art or science? Chef’s competencies for success. International 
Journal of Hospitality Management, 29(1), 459-467.  
 
